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(57) ABSTRACT

Embodiments of a Generation Node-B (gNB), User Equip-
ment (UE) and methods for communication are generally
described herein. The gNB may allocate a resource pool of
physical resource blocks (PRBs) and sub-frames for vehicle-
to-vehicle (V2V) sidelink transmissions. The gNB may
receive, from a UE, an uplink control message that indicates
that the UE requests a V2V sidelink transmission of a
prioritized message. The gNB may select, for the V2V
sidelink transmission of the prioritized message, one or
more PRBs and one or more sub-frames. The gNB may
transmit, to the UE and to other UEs, a downlink control
message that indicates: the selected PRBs, the selected
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sub-frames, and that the other UEs are to mute sidelink
transmissions in the selected PRBs in the selected sub-
frames to enable the V2V sidelink transmission of the
prioritized message.

20 Claims, 14 Drawing Sheets

Related U.S. Application Data

(60) Provisional application No. 62/587,382, filed on Now.
16, 2017, provisional application No. 62/475,471,
filed on Mar. 23, 2017.

(51) Imt.CL
HO4W 72/044 (2023.01)
HO4W 72/23 (2023.01)
HO4W 88/08 (2009.01)
HO4Ww 92/18 (2009.01)
(52) US. CL
CPC ............ HO4W 72/23 (2023.01); HO4W 88/08
(2013.01); HO4W 92/18 (2013.01)
(56) References Cited

U.S. PATENT DOCUMENTS

2016/0205525 Al* 7/2016 Baghel ................ HO04W 52/281
370/329
2017/0181064 Al*  6/2017 Lee .....ccoovveveni. HO04W 76/14

2017/0230939 Al*
2018/0139724 Al*
2019/0053251 Al*
2019/0191461 Al*

8/2017 Rudolf .. .
5/2018 Loehr ... ... HO4W 72/02
2/2019 Loehr ... HO04W 72/1263
6/2019 Lee ...ccccooviviinns HO4L /1614

. HO4W 72/04

2020/0077434 Al 3/2020 Kim et al.
2020/0107181 Al* 4/2020 Bagayoko ............. HO4L 5/0053
2020/0296690 Al*  9/2020 Lee ....cccovveiinne HO04W 4/40

2021/0144665 Al*  5/2021 Ryu ..o HO04W 76/14

FOREIGN PATENT DOCUMENTS

CN 103098416 5/2013
CN 104954976 9/2015
CN 105681439 6/2016
CN 105979527 9/2016
CN 106060947 10/2016
KR 20160003257 1/2016
KR 20170001528 1/2017
WO WO-2014178671 Al * 112014 ... HO04W 56/0015
WO 2014198325 12/2014
WO 2016119124 8/2016
WO 2016120940 8/2016
WO 2017034340 3/2017

OTHER PUBLICATIONS

“3GPP; TSG RAN; Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical layer lprocedures (Release 14)”, 3GPP TS
36.213 V14.1.0, (Jan. 2, 2017).

“Details of resource selection by pedestrian UE using partial
sensing”, NTT DOCOMO, Inc., R1-1702771, 3GPP TSG RAN
WGI1 Meeting #88, Athens, Greece, (Feb. 7, 2017), 5 pgs.
“International Application Serial No. PCT/US2018/023525, Inter-
national Search Report dated Jul. 27, 20187, 3 pgs.

“International Application Serial No. PCT/US2018/023525, V Vrit-
ten Opinion dated Jul. 27, 2018”, 4 pgs.

“Remaining issues related to Tx resource selection and pool usage”,
R2-1701146, 3GPP TSG-RAN VVG2 Meeting #97, Athens, Greece,
(Feb. 4, 2017), 4 pgs.

Extended European Search Report for European Application No.
18771874.7; dated Oct. 26, 2020, 9 pgs.

NTT DOCOMO, Inc .; Details of resource selection by pedestrian
UE using partial sensing; 3GPP TSG RAN WG1 Meeting #88; Feb.
13-17, 2017; Agenda Item 7.2.1.2; Athens, Greece; 5 pgs.
Chinese Office Action from Chinese Patent Application No.
201880020226.4 dated Sep. 26, 2022, 29 pgs.

* cited by examiner



U.S. Patent Jan. 16, 2024 Sheet 1 of 14 US 11,877,314 B2

S{-MME
Link

%" = o}
o0 )
S 2l L s
f4x)
RS o @
i |z 2 = R —
= = =
é‘:ﬁ«w‘“""““‘m E i s
o o2 é
22 O
§ m SO
= Li.
[s33
f
B
- = Bgs o
Sww__)?____’
(Y = ]
e £ %]
BE - 2
=
a3
rarary
% EE




U.S. Patent Jan. 16, 2024 Sheet 2 of 14 US 11,877,314 B2

150 W
HES +
UDM
PCF +
N10 PCRF
NI 180
SMF +
S6a SHE N8
, N15
N4
S5-C
UPF +
PGW-U N11
170~ 35-U I \
$11 SGW 175
165 — ///7 \
MME | Nzo AN
/ \
/81U N3 NZ
srmve| / 155 - "
160 ~, MG-RAN
N
E-UTRAN 105 — B | ,§
102 ~ \ ~102
UE UE




U.S. Patent Jan. 16, 2024

Sheet 3 of 14

/\ons

~ 202

Processor
224 =t Instructions

o e P08

o 204

Main Memory

g~

224 instructions

208

Static Memory

-

224 instructions

220

MNebwork
interface Device

!

$ 230
Antenna(s}

R

5

296 - Network

interconnact

200
iy

-~ 210
3l Display Device
o~ 212
b3 INpUt Device
214
. o Wi Navigation
Device
216
Mass Storage
Machine
3 | RGadable 222
Medium
instructions 224
~ 218
Signal
3 Generation
Davice
o 221
R Sensors
~ 232
a3t Ouitput Controlier

US 11,877,314 B2



US 11,877,314 B2

Sheet 4 of 14

Jan. 16, 2024

U.S. Patent

o JMd
0ig - Go¢
Mowsp
SIGBACIEY
096
8105USG
456 -
BN
Aeidsic
058 ~
UeBg
yonoy
Gg -~

B
Aiowisiy BIOWET
026~ o8
0958001 ety
uopeayddy Gipny
Gog < gee -~
3{npow 0NN
puegeseq 4N
048~ 0gg -~
sinpoy pug ANPO
1U0L4 OIpEy ANDauI0s
Gz -

Emw\_/

2~



US 11,877,314 B2

Sheet 5 of 14

Jan. 16, 2024

U.S. Patent

Fm =y v ey imm wes e new vem mn mE e e ms ;e ey wwn me e ey s wei e Fe W YR (R TRA £y e M TER M W e SR R MW e Yam = e nee e Rms mE o e Nem WEs TR fw Ve RR e nrw W mm = oee W W = fR MMV e mm tmm mmY W e e wes e new em e

aoBLBY|
85N

05y

JBNBYEY
8d9

Spp

m Aowspy

i 29] 02y -

“ oy NWd

| 087 < 7 108580014
| oneanddy
| JETOTIT 7

T IOMIBN 07

1 Obp

“ &8y~ 3INPoyy

| puegasey

m 0ip 7

| 2Inpoyy pu3 ainpoyy pu3
| 014 OpeY 01 OIpeY
m EMM % 51y 7

| b o
77222



US 11,877,314 B2

Sheet 6 of 14

Jan. 16, 2024

U.S. Patent

Reiry BUUSIUY

R

YA A
5267

R ABINOUSS AR08 O
ARINOAD i Agroyg
fauanbel 0c% pUBGRSEY
oipe
ped it ARINGAn JWsUR | e Eibie
) gig~ & | 016 &
¥
Kgnoagy
»  Buissa00id
1030101
60g -



U.S. Patent Jan. 16, 2024 Sheet 7 of 14 US 11,877,314 B2

2
e,
L3~y
-
P
a3
\/"N‘
i
8 3
i f
! i
! i
¢ H
f 1
i §
t
:
<
{::),.—-t-‘
&
9
2 O
o ®
bEn
° &),
-g SEBEGEER
e Li.

753 T84 755 156 187 g

- N o
s <«
()] oo
(\&
b
a2
& b
=
S
;% %wé Py <
R4 D ——
L foan s
¥ ¥ | 4




U.S. Patent Jan. 16, 2024 Sheet 8 of 14 US 11,877,314 B2

700 700

1
>

703 —

med
2
|

N.M subcarriers
N subcarriers

708 705

/= =p-1 =0 i=P-1

FIG. 7A




U.S. Patent Jan. 16, 2024 Sheet 9 of 14 US 11,877,314 B2

800

\& - 805

Allocate a resource pool for V2V sidelink fransmissions

‘; ~ 810
Transmil a downilink control message that indicates the resourse pool

; ~ 818

Receive an uplink control message that indicates that the UE
requests a V2V sidelink transmission of a prioritized message

é o 820

Select one or more PRBs and one or mora subframes for
the V2V sidelink transmission of a prioritized message

é - 825

Transmit 2 downlink control message that indicates that other Uks
are to mute ransmissions in the selected PRBs in the sslectad
sub-frames

; o 830

Transmit a downlink control message that indicates one or more
parameter for one or more channel sense measuremants by UEs

; o~ 835

Receive an uplink control message that indicates the one or
more channel sense measurements

é 840
Select, based at least partly on the one or more channel sense
measurements, one or more resources for a V2V sidelink
transmission

é‘ -~ 846

Transmit a downlink confrol message that indicates the
sslected resources for the V2V sidelink transmission

FIG. 8




U.S. Patent Jan. 16, 2024 Sheet 10 of 14 US 11,877,314 B2

200
o 905

Receive a downlink control message that indicales a resource
pool for V2V sidelink transmissions

$ 910

Determine that the UE is to perform a V2V sidelink transmission
of g prioritized message

é ~ 315

Selact one or more PRB and one or more sub-frames for the V2V
sidelink transmission of the priorilized message

4 o920

Transmit a sidelink control message that indicates that other Uks are
o mute sidelink transmissions in the selected PRBs and sub-frames

é o~ 4925
Transmit the prioritized message
é 330

Raceive a downlink conirol message that indicates one or more
parameters for one or more channel sense measurements by UEs

é ~ 335
Determine the one or more channel sense measurements
$ ~ 340

Transmit an uplink control message that indicates the one or more
channel sense measurements

FIG. 9



US 11,877,314 B2

Sheet 11 of 14

Jan. 16, 2024

U.S. Patent

Ol ©ld

Ayggeyes ybiH s uoissiSUR |
HUIRRIS/SN BOIENIDS(] J0] POAISSHY e
Lonoa|es-{al} 0] $B0IN0SSY J0 198 AjBpIpUED

LG SEIN0STY YUISPIS 10 UCISNIONT # 0h0L
UOISSIUSURI] YUiBDIS jo Bunnyy sieipsluwl e m
e
ey 444 1d pueqans G,
EQWC = b A A A ueioas ‘ Y
&@ 9 0 R @
LS IR N T i

pUE) 83n0s9Y Mgmmumm U0 LissIuSUR ) AjiRley
4B Jsenbay 0 (HOSS/HIOS) Buieubis 15 0d /

I

/

/77 P 90IN0SaY YUSPIS

L2700 utissiusuRl | Aasioy
yfii 40} UOHBAIBSSY S0IN0SSY

PLE} S0IN0SSY YUISPIS LD
UOISSIUSUES ] Ajpigeney b Hulapis pue Bupnyy isenbey
18onbey o) % 7S O} {(HONd/HDSUdiHO00d)

JHOON) Bueubis Yy nny

Bugeudis 1a o

SsonCE YUEPS T~ Jeaieg
CO0L — BAIBSSY | BN O] Jsenboy ,
o BuieuBis omisy




U.S. Patent Jan. 16, 2024 Sheet 12 of 14 US 11,877,314 B2
AW ﬁ}@? ??52 ﬁf)s 11}@4
CMD | P i R R
Priority Bitmap (Opt) — 1105
ZoneldBitmap (Opt) —~ 1106
1110 W
~102 o 104/105
UE eNB/ghb
115:}5
MAC CE: MUTE COMMAND
1120 W
~ 102 102
UE UE

1 ?3? 0
MAC CE: MUTE COMMAND

FIG. 11C




U.S. Patent Jan. 16, 2024 Sheet 13 of 14 US 11,877,314 B2

1200
~ 1210
~ 1211
Mute Priority List
1212
Zone iD List
~ 1213
Mute RE Subchannsl
~ 1214
Mute Periodicity
1215
{Other Parameters
and/or information
Mute Conflg. Element

1220

Qther Paramelers
andior Information

SiB Element

FIG. 12



US 11,877,314 B2

Sheet 14 of 14

Jan. 16, 2024

U.S. Patent

mmﬁ [
T eary
{2 ‘i = Squn P 3BR18A0) YIOWON ™
iog ounosay A Emm s
NI Nm@
mn. : 2y a0inosey \
et M 100 MeN |
L J@ m: )
. N ...... :f/@% V&u ssssss w M..wmm sssssss - P - JOEL
3N $ 2pO N (@) 2861
v 1 B0INCSAY /
MIOgEeN_——
! gy ennossy
rSHO ammug Hoom
A @
,w N - 0 m@w%ﬁh%mmmh
" é L Ny
@m ‘oul} mwm% s ’ mmw@ o
;/.fmwnmw &\\\\.\\\ ++L<
=T Amm ,mm RNN& - meu
,...u.,w_ s Aausnbal 198 820088y Sjepipuen
1 ﬂ
00 S0UN0SAY v £} Orel @/ 00c]



US 11,877,314 B2

1
PRIORITIZED MESSAGING AND
RESOURCE SELECTION IN
VEHICLE-TO-VEHICLE (V2V) SIDELINK
COMMUNICATION

PRIORITY CLAIM

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/488,552, filed Aug. 23, 2019, which is a
United States National Stage Filing under U.S.C. 371 from
International Application No. PCT/US2018/023525, filed
Mar. 21, 2018, which claims priority to U.S. Provisional
Patent Application Ser. No. 62/475,471, filed Mar. 23, 2017,
and to U.S. Provisional Patent Application Ser. No. 62/587,
382, filed Nov. 16,2017, all of which are incorporated herein
by reference in their entirety.

The claims in the instant application are different than
those of the parent application and/or other related applica-
tions. The Applicant therefore rescinds any disclaimer of
claim scope made in the parent application and/or any
predecessor application in relation to the instant application.
Any such previous disclaimer and the cited references that
it was made to avoid, may need to be revisited. Further, any
disclaimer made in the instant application should not be read
into or against the parent application and/or other related
applications.

TECHNICAL FIELD

Embodiments pertain to wireless communications. Some
embodiments relate to wireless networks including 3GPP
(Third Generation Partnership Project) networks, 3GPP LTE
(Long Term Evolution) networks, and 3GPP LTE-A (LTE
Advanced) networks. Some embodiments relate to Fifth
Generation (5G) networks. Some embodiments relate to
New Radio (NR) networks. Some embodiments relate to
sidelink communication. Some embodiments relate to
vehicle-to-vehicle (V2V) communication. Some embodi-
ments relate to transmission of prioritized signals, emer-
gency signals and/or signals for which ultra high reliability
of reception is targeted, including transmission of such
signals in V2V sidelink arrangements.

BACKGROUND

Mobile devices may exchange data in accordance with
sidelink radio-protocols for communication, which may be
challenging in some aspects. For instance, high reliability of
reception may be challenging, especially in systems with
distributed access to resources. In some cases, such as when
mobile devices are out of network coverage, the mobile
devices may perform sidelink communication autonomously
with limited or no assistance from a base station. In other
cases, a base station may provide assistance to the mobile
devices for various tasks, such as allocation of resources,
signaling of control messages and/or others. Various use
cases for sidelink communication are possible. In an
example scenario, sidelink communication in accordance
with a low latency and high reliability may be used. In
another example scenario, high priority messages may be
exchanged between mobile devices using sidelink commu-
nication. There is a general need for methods and systems to
enable sidelink communication and to target high reliability
of reception in these and other scenarios.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A s a functional diagram of an example network in
accordance with some embodiments;
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2

FIG. 1B is a functional diagram of another example
network in accordance with some embodiments;

FIG. 2 illustrates a block diagram of an example machine
in accordance with some embodiments;

FIG. 3 illustrates a user device in accordance with some
aspects:

FIG. 4 illustrates a base station in accordance with some
aspects;

FIG. 5 illustrates an exemplary communication circuitry
according to some aspects:

FIG. 6 illustrates an example of a radio frame structure in
accordance with some embodiments;

FIG. 7A and FIG. 7B illustrate example frequency
resources in accordance with some embodiments;

FIG. 8 illustrates the operation of a method of commu-
nication in accordance with some embodiments;

FIG. 9 illustrates the operation of another method of
communication in accordance with some embodiments;

FIG. 10 illustrates example signaling that may be
exchanged in accordance with some embodiments;

FIG. 11A, FIG. 11B, and FIG. 11C illustrate an example
of a medium access control (MAC) control element (CE)
that may be exchanged in accordance with some embodi-
ments;

FIG. 12 illustrates an example of a system information
block (SIB) element that may be exchanged in accordance
with some embodiments, and

FIG. 13 illustrates example signaling that may be
exchanged in accordance with some embodiments.

DETAILED DESCRIPTION

The following description and the drawings sufficiently
illustrate specific embodiments to enable those skilled in the
art to practice them. Other embodiments may incorporate
structural, logical, electrical, process, and other changes.
Portions and features of some embodiments may be included
in, or substituted for, those of other embodiments. Embodi-
ments set forth in the claims encompass all available equiva-
lents of those claims.

FIG. 1A is a functional diagram of an example network in
accordance with some embodiments. FIG. 1B is a functional
diagram of another example network in accordance with
some embodiments. In references herein, “FIG. 17 may
include FIG. 1A and FIG. 1B. In some embodiments, the
network 100 may be a Third Generation Partnership Project
(3GPP) network. In some embodiments, the network 150
may be a 3GPP network. In a non-limiting example, the
network 150 may be a new radio (NR) network. It should be
noted that embodiments are not limited to usage of 3GPP
networks, however, as other networks may be used in some
embodiments. As an example, a Fifth Generation (5G)
network may be used in some cases. As another example, a
New Radio (NR) network may be used in some cases. As
another example, an LTE (E-UTRAN) network may be used
in some cases. As another example, a wireless local area
network (WLAN) may be used in some cases. Embodiments
are not limited to these example networks, however, as other
networks may be used in some embodiments. In some
embodiments, a network may include one or more compo-
nents shown in FIG. 1A. Some embodiments may not
necessarily include all components shown in FIG. 1A, and
some embodiments may include additional components not
shown in FIG. 1A. In some embodiments, a network may
include one or more components shown in FIG. 1B. Some
embodiments may not necessarily include all components
shown in FIG. 1B, and some embodiments may include
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additional components not shown in FIG. 1B. In some
embodiments, a network may include one or more compo-
nents shown in FIG. 1A and one or more components shown
in FIG. 1B. In some embodiments, a network may include
one or more components shown in FIG. 1A, one or more
components shown in FIG. 1B and one or more additional
components.

The network 100 may comprise a radio access network
(RAN) 101 and the core network 120 (e.g., shown as an
evolved packet core (EPC)) coupled together through an S1
interface 115. For convenience and brevity sake, only a
portion of the core network 120, as well as the RAN 101, is
shown. In a non-limiting example, the RAN 101 may be an
evolved universal terrestrial radio access network
(E-UTRAN). In another non-limiting example, the RAN 101
may include one or more components of a New Radio (NR)
network. In another non-limiting example, the RAN 101
may include one or more components of an E-UTRAN and
one or more components of another network (including but
not limited to an NR network).

The core network 120 may include a mobility manage-
ment entity (MME) 122, a serving gateway (serving GW)
124, and packet data network gateway (PDN GW) 126. In
some embodiments, the network 100 may include (and/or
support) one or more Evolved Node-B’s (eNBs) 104 (which
may operate as base stations) for communicating with User
Equipment (UE) 102. The eNBs 104 may include macro
eNBs and low power (LP) eNBs, in some embodiments.

In some embodiments, the network 100 may include
(and/or support) one or more Generation Node-B’s (gNBs)
105. In some embodiments, one or more eNBs 104 may be
configured to operate as gNBs 105. Embodiments are not
limited to the number of eNBs 104 shown in FIG. 1A or to
the number of gNBs 105 shown in FIG. 1A. In some
embodiments, the network 100 may not necessarily include
eNBs 104. Embodiments are also not limited to the connec-
tivity of components shown in FIG. 1A.

It should be noted that references herein to an eNB 104 or
to a gNB 105 are not limiting. In some embodiments, one or
more operations, methods and/or techniques (such as those
described herein) may be practiced by a base station com-
ponent (and/or other component), including but not limited
to a gNB 105, an eNB 104, a serving cell, a transmit receive
point (TRP) and/or other. In some embodiments, the base
station component may be configured to operate in accor-
dance with a New Radio (NR) protocol and/or NR standard,
although the scope of embodiments is not limited in this
respect. In some embodiments, the base station component
may be configured to operate in accordance with a Fifth
Generation (5G) protocol and/or 5G standard, although the
scope of embodiments is not limited in this respect.

In some embodiments, one or more of the UEs 102, eNBs
104 and/or gNBs 105 may be configured to operate in
accordance with an NR protocol and/or NR techniques.
References to a UE 102, eNB 104 and/or gNB 105 as part
of descriptions herein are not limiting. For instance, descrip-
tions of one or more operations, techniques and/or methods
practiced by a gNB 105 are not limiting. In some embodi-
ments, one or more of those operations, techniques and/or
methods may be practiced by an eNB 104 and/or other base
station component.

In some embodiments, the UE 102 may transmit signals
(data, control and/or other) to the gNB 105, and may receive
signals (data, control and/or other) from the gNB 105. In
some embodiments, the UE 102 may transmit signals (data,
control and/or other) to the eNB 104, and may receive
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signals (data, control and/or other) from the eNB 104. These
embodiments will be described in more detail below.

The MME 122 is similar in function to the control plane
of'legacy Serving GPRS Support Nodes (SGSN). The MME
122 manages mobility aspects in access such as gateway
selection and tracking area list management. The serving
GW 124 terminates the interface toward the RAN 101, and
routes data packets between the RAN 101 and the core
network 120. In addition, it may be a local mobility anchor
point for inter-gNB handovers and/or inter-eNB handovers
and also may provide an anchor for inter-3GPP mobility.
Other responsibilities may include lawful intercept, charg-
ing, and some policy enforcement. The serving GW 124 and
the MME 122 may be implemented in one physical node or
separate physical nodes. The PDN GW 126 terminates an
SGi interface toward the packet data network (PDN). The
PDN GW 126 routes data packets between the EPC 120 and
the external PDN, and may be a key node for policy
enforcement and charging data collection. It may also pro-
vide an anchor point for mobility with non-LTE accesses.
The external PDN can be any kind of IP network, as well as
an [P Multimedia Subsystem (IMS) domain. The PDN GW
126 and the serving GW 124 may be implemented in one
physical node or separated physical nodes.

In some embodiments, the eNBs 104 and/or gNBs 105
(macro and micro) terminate the air interface protocol and
may be the first point of contact for a UE 102. In some
embodiments, an eNB 104 and/or gNB 105 may fulfill
various logical functions for the network 100, including but
not limited to RNC (radio network controller functions) such
as radio bearer management, uplink and downlink dynamic
radio resource management and data packet scheduling, and
mobility management.

In some embodiments, UEs 102 may be configured to
communicate Orthogonal Frequency Division Multiplexing
(OFDM) communication signals with an eNB 104 and/or
gNB 105 over a multicarrier communication channel in
accordance with an Orthogonal Frequency Division Mul-
tiple Access (OFDMA) communication technique. In some
embodiments, eNBs 104 and/or gNBs 105 may be config-
ured to communicate OFDM communication signals with a
UE 102 over a multicarrier communication channel in
accordance with an OFDMA communication technique. The
OFDM signals may comprise a plurality of orthogonal
subcarriers.

The S1 interface 115 is the interface that separates the
RAN 101 and the EPC 120. It may be split into two parts:
the S1-U, which carries traffic data between the eNBs 104
and the serving GW 124, and the S1-MME, which is a
signaling interface between the eNBs 104 and the MME
122. The X2 interface is the interface between eNBs 104.
The X2 interface comprises two parts, the X2-C and X2-U.
The X2-C is the control plane interface between the eNBs
104, while the X2-U1 is the user plane interface between the
eNBs 104.

In some embodiments, similar functionality and/or con-
nectivity described for the eNB 104 may be used for the
gNB 105, although the scope of embodiments is not limited
in this respect. In a non-limiting example, the S1 interface
115 (and/or similar interface) may be split into two parts: the
S1-U, which carries traffic data between the gNBs 105 and
the serving GW 124, and the S1-MMF, which is a signaling
interface between the gNBs 105 and the MME 122. The X2
interface (and/or similar interface) may enable communica-
tion between eNBs 104, communication between gNBs 105
and/or communication between an eNB 104 and a gNB 105.
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With cellular networks, LP cells are typically used to
extend coverage to indoor areas where outdoor signals do
not reach well, or to add network capacity in areas with very
dense phone usage, such as train stations. As used herein, the
term low power (LP) eNB refers to any suitable relatively
low power eNB for implementing a narrower cell (narrower
than a macro cell) such as a femtocell, a picocell, or a micro
cell. Femtocell eNBs are typically provided by a mobile
network operator to its residential or enterprise customers. A
femtocell is typically the size of a residential gateway or
smaller and generally connects to the user’s broadband line.
Once plugged in, the femtocell connects to the mobile
operator’s mobile network and provides extra coverage in a
range of typically 30 to 50 meters for residential femtocells.
Thus, a LP eNB might be a femtocell eNB since it is coupled
through the PDN GW 126. Similarly, a picocell is a wireless
communication system typically covering a small area, such
as in-building (offices, shopping malls, train stations, etc.),
or more recently in-aircraft. A picocell eNB can generally
connect through the X2 link to another eNB such as a macro
eNB through its base station controller (BSC) functionality.
Thus, LP eNB may be implemented with a picocell eNB
since it is coupled to a macro eNB via an X2 interface.
Picocell eNBs or other L.P eNBs may incorporate some or all
functionality of a macro eNB. In some cases, this may be
referred to as an access point base station or enterprise
femtocell. In some embodiments, various types of gNBs 105
may be used, including but not limited to one or more of the
eNB types described above.

In some embodiments, the network 150 may include one
or more components configured to operate in accordance
with one or more 3GPP standards, including but not limited
to an NR standard. The network 150 shown in FIG. 1B may
include a next generation RAN (NG-RAN) 155, which may
include one or more gNBs 105. In some embodiments, the
network 150 may include the E-UTRAN 160, which may
include one or more eNBs. The E-UTRAN 160 may be
similar to the RAN 101 described herein, although the scope
of embodiments is not limited in this respect.

In some embodiments, the network 150 may include the
MME 165. The MME 165 may be similar to the MME 122
described herein, although the scope of embodiments is not
limited in this respect. The MME 165 may perform one or
more operations or functionality similar to those described
herein regarding the MME 122, although the scope of
embodiments is not limited in this respect.

In some embodiments, the network 150 may include the
SGW 170. The SGW 170 may be similar to the SGW 124
described herein, although the scope of embodiments is not
limited in this respect. The SGW 170 may perform one or
more operations or functionality similar to those described
herein regarding the SGW 124, although the scope of
embodiments is not limited in this respect.

In some embodiments, the network 150 may include
component(s) and/or module(s) for functionality for a user
plane function (UPF) and user plane functionality for PGW
(PGW-U), as indicated by 175, some embodiments, the
network 150 may include component(s) and/or module(s)
for functionality for a session management function (SMF)
and control plane functionality for PGW (PGW-C), as
indicated by 180. In some embodiments, the component(s)
and/or module(s) indicated by 175 and/or 180 may be
similar to the PGW 126 described herein, although the scope
of embodiments is not limited in this respect. The the
component(s) and/or module(s) indicated by 175 and/or 180
may perform one or more operations or functionality similar
to those described herein regarding the PGW 126, although
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the scope of embodiments is not limited in this respect. One
or both of the components 170, 172 may perform at least a
portion of the functionality described herein for the PGW
126, although the scope of embodiments is not limited in this
respect.

Embodiments are not limited to the number or type of
components shown in FIG. 1B. Embodiments are also not
limited to the connectivity of components shown in FIG. 1B.

In some embodiments, a downlink resource grid may be
used for downlink transmissions from an eNB 104 to a UE
102, while uplink transmission from the UE 102 to the eNB
104 may utilize similar techniques. In some embodiments, a
downlink resource grid may be used for downlink transmis-
sions from a gNB 105 to a UE 102, while uplink transmis-
sion from the UE 102 to the gNB 105 may utilize similar
techniques. The grid may be a time-frequency grid, called a
resource grid or time-frequency resource grid, which is the
physical resource in the downlink in each slot. Such a
time-frequency plane representation is a common practice
for OFDM systems, which makes it intuitive for radio
resource allocation. Each column and each row of the
resource grid correspond to one OFDM symbol and one
OFDM subcarrier, respectively. The duration of the resource
grid in the time domain corresponds to one slot in a radio
frame. The smallest time-frequency unit in a resource grid is
denoted as a resource element (RE). There are several
different physical downlink channels that are conveyed
using such resource blocks. With particular relevance to this
disclosure, two of these physical downlink channels are the
physical downlink shared channel and the physical down
link control channel.

As used herein, the term “circuitry” may refer to, be part
of, or include an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group), and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable hardware
components that provide the described functionality. In
some embodiments, the circuitry may be implemented in, or
functions associated with the circuitry may be implemented
by, one or more software or firmware modules. In some
embodiments, circuitry may include logic, at least partially
operable in hardware. Embodiments described herein may
be implemented into a system using any suitably configured
hardware and/or software.

FIG. 2 illustrates a block diagram of an example machine
in accordance with some embodiments. The machine 200 is
an example machine upon which any one or more of the
techniques and/or methodologies discussed herein may be
performed. In alternative embodiments, the machine 200
may operate as a standalone device or may be connected
(e.g., networked) to other machines. In a networked deploy-
ment, the machine 200 may operate in the capacity of a
server machine, a client machine, or both in server-client
network environments. In an example, the machine 200 may
act as a peer machine in peer-to-peer (P2P) (or other
distributed) network environment. The machine 200 may be
a UE 102, eNB 104, gNB 105, access point (AP), station
(STA), user, device, mobile device, base station, personal
computer (PC), a tablet PC, a set-top box (STB), a personal
digital assistant (PDA), a mobile telephone, a smart phone,
a web appliance, a network router, switch or bridge, or any
machine capable of executing instructions (sequential or
otherwise) that specify actions to be taken by that machine.
Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or
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multiple sets) of instructions to perform any one or more of
the methodologies discussed herein, such as cloud comput-
ing, software as a service (SaaS), other computer cluster
configurations.

Examples as described herein, may include, or may
operate on, logic or a number of components, modules, or
mechanisms. Modules are tangible entities (e.g., hardware)
capable of performing specified operations and may be
configured or arranged in a certain manner. In an example,
circuits may be arranged (e.g., internally or with respect to
external entities such as other circuits) in a specified manner
as a module. In an example, the whole or part of one or more
computer systems (e.g., a standalone, client or server com-
puter system) or one or more hardware processors may be
configured by firmware or software (e.g., instructions, an
application portion, or an application) as a module that
operates to perform specified operations. In an example, the
software may reside on a machine readable medium. In an
example, the software, when executed by the underlying
hardware of the module, causes the hardware to perform the
specified operations.

Accordingly, the term “module” is understood to encom-
pass a tangible entity, be that an entity that is physically
constructed, specifically configured (e.g., hardwired), or
temporarily (e.g., transitorily) configured (e.g., pro-
grammed) to operate in a specified manner or to perform part
or all of any operation described herein. Considering
examples in which modules are temporarily configured,
each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise
a general-purpose hardware processor configured using soft-
ware, the general-purpose hardware processor may be con-
figured as respective different modules at different times.
Software may accordingly configure a hardware processor,
for example, to constitute a particular module at one instance
of time and to constitute a different module at a different
instance of time.

The machine (e.g., computer system) 200 may include a
hardware processor 202 (e.g., a central processing unit
(CPU), a graphics processing unit (GPU), a hardware pro-
cessor core, or any combination thereof), a main memory
204 and a static memory 206, some or all of which may
communicate with each other via an interlink (e.g., bus) 208.
The machine 200 may further include a display unit 210, an
alphanumeric input device 212 (e.g., a keyboard), and a user
interface (UI) navigation device 214 (e.g., a mouse). In an
example, the display unit 210, input device 212 and Ul
navigation device 214 may be a touch screen display. The
machine 200 may additionally include a storage device (e.g.,
drive unit) 216, a signal generation device 218 (e.g., a
speaker), a network interface device 220, and one or more
sensors 221, such as a global positioning system (GPS)
sensor, compass, accelerometer, or other sensor. The
machine 200 may include an output controller 228, such as
a serial (e.g., universal serial bus (USB), parallel, or other
wired or wireless (e.g., infrared (IR), near field communi-
cation (NFC), etc.) connection to communicate or control
one or more peripheral devices (e.g., a printer, card reader,
etc.).

The storage device 216 may include a machine readable
medium 222 on which is stored one or more sets of data
structures or instructions 224 (e.g., software) embodying or
utilized by any one or more of the techniques or functions
described herein. The instructions 224 may also reside,
completely or at least partially, within the main memory 204,
within static memory 206, or within the hardware processor
202 during execution thereof by the machine 200. In an
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example, one or any combination of the hardware processor
202, the main memory 204, the static memory 206, or the
storage device 216 may constitute machine readable media.
In some embodiments, the machine readable medium may
be or may include a non-transitory computer-readable stor-
age medium. In some embodiments, the machine readable
medium may be or may include a computer-readable storage
medium.

While the machine readable medium 222 is illustrated as
a single medium, the term “machine readable medium” may
include a single medium or multiple media (e.g., a central-
ized or distributed database, and/or associated caches and
servers) configured to store the one or more instructions 224.
The term “machine readable medium” may include any
medium that is capable of storing, encoding, or carrying
instructions for execution by the machine 200 and that cause
the machine 200 to perform any one or more of the tech-
niques of the present disclosure, or that is capable of storing,
encoding or carrying data structures used by or associated
with such instructions. Non-limiting machine readable
medium examples may include solid-state memories, and
optical and magnetic media. Specific examples of machine
readable media may include: non-volatile memory, such as
semiconductor memory devices (e.g., Electrically Program-
mable Read-Only Memory (EPROM). Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash
memory devices; magnetic disks, such as internal hard disks
and removable disks; magneto-optical disks; Random
Access Memory (RAM); and CD-ROM and DVD-ROM
disks. In some examples, machine readable media may
include non-transitory machine readable media. In some
examples, machine readable media may include machine
readable media that is not a transitory propagating signal.

The instructions 224 may further be transmitted or
received over a communications network 226 using a trans-
mission medium via the network interface device 220 uti-
lizing any one of a number of transfer protocols (e.g., frame
relay, internet protocol (IP), transmission control protocol
(TCP), user datagram protocol (UDP), hypertext transfer
protocol (HTTP), etc.). Example communication networks
may include a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Internet),
mobile telephone networks (e.g., cellular networks), Plain
Old Telephone (POTS) networks, and wireless data net-
works (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE
802.16 family of standards known as WiMax®). IEEE
802.15.4 family of standards, a Long Term Evolution (LTE)
family of standards, a Universal Mobile Telecommunica-
tions System (UMTS) family of standards, peer-to-peer
(P2P) networks, among others. In an example, the network
interface device 220 may include one or more physical jacks
(e.g., Ethernet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 226. In
an example, the network interface device 220 may include
a plurality of antennas to wirelessly communicate using at
least one of single-input multiple-output (SIMO), multiple-
input multiple-output (MIMO), or multiple-input single-
output (MISO) techniques. In some examples, the network
interface device 220 may wirelessly communicate using
Multiple User MIMO techniques. The term “transmission
medium” shall be taken to include any intangible medium
that is capable of storing, encoding or carrying instructions
for execution by the machine 200, and includes digital or
analog communications signals or other intangible medium
to facilitate communication of such software.
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FIG. 3 illustrates a user device in accordance with some
aspects. In some embodiments, the user device 300 may be
a mobile device. In some embodiments, the user device 300
may be or may be configured to operate as a User Equipment
(UE). In some embodiments, the user device 300 may be
arranged to operate in accordance with a new radio (NR)
protocol. In some embodiments, the user device 300 may be
arranged to operate in accordance with a Third Generation
Partnership Protocol (3GPP) protocol. The user device 300
may be suitable for use as a UE 102 as depicted in FIG. 1,
in some embodiments. It should be noted that in some
embodiments, a UE, an apparatus of a UE, a user device or
an apparatus of a user device may include one or more of the
components shown in one or more of FIGS. 2, 3, and 5. In
some embodiments, such a UE, user device and/or apparatus
may include one or more additional components.

In some aspects, the user device 300 may include an
application processor 305, baseband processor 310 (also
referred to as a baseband module), radio front end module
(RFEM) 315, memory 320, connectivity module 325, near
field communication (NFC) controller 330, audio driver 335,
camera driver 340, touch screen 345, display driver 350,
sensors 355, removable memory 360, power management
integrated circuit (PMIC) 365 and smart battery 370. In
some aspects, the user device 300 may be a User Equipment
(UBE).

In some aspects, application processor 305 may include,
for example, one or more CPU cores and one or more of
cache memory, low drop-out voltage regulators (LDOs),
interrupt controllers, serial interfaces such as serial periph-
eral interface (SPI), inter-integrated circuit (I*C) or universal
programmable serial interface module, real time clock
(RTC), timer-counters including interval and watchdog tim-
ers, general purpose input-output (I0), memory card con-
trollers such as secure digital/multi-media card (SD/MMC)
or similar, universal serial bus (USB) interfaces, mobile
industry processor interface (MIPI) interfaces and Joint Test
Access Group (JTAG) test access ports.

In some aspects, baseband module 310 may be imple-
mented, for example, as a solder-down substrate including
one or more integrated circuits, a single packaged integrated
circuit soldered to a main circuit board, and/or a multi-chip
module containing two or more integrated circuits.

FIG. 4 illustrates a base station in accordance with some
aspects. In some embodiments, the base station 400 may be
or may be configured to operate as an Evolved Node-B
(eNB). In some embodiments, the base station 400 may be
or may be configured to operate as a Generation Node-B
(gNB). In some embodiments, the base station 400 may be
arranged to operate in accordance with a new radio (NR)
protocol. In some embodiments, the base station 400 may be
arranged to operate in accordance with a Third Generation
Partnership Protocol (3GPP) protocol. It should be noted
that in some embodiments, the base station 400 may be a
stationary non-mobile device. The base station 400 may be
suitable for use as an eNB 104 as depicted in FIG. 1, in some
embodiments. The base station 400 may be suitable for use
as a gNB 105 as depicted in FIG. 1, in some embodiments.
It should be noted that in some embodiments, an eNB, an
apparatus of an eNB, a gNB, an apparatus of a gNB, a base
station and/or an apparatus of a base station may include one
or more of the components shown in one or more of FIGS.
2,4, and 5. In some embodiments, such an eNB, gNB, base
station and/or apparatus may include one or more additional
components.

FIG. 4 illustrates a base station or infrastructure equip-
ment radio head 400 in accordance with an aspect. The base
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station 400 may include one or more of application proces-
sor 405, baseband modules 410, one or more radio front end
modules 415, memory 420, power management circuitry
425, power tee circuitry 430, network controller 435, net-
work interface connector 440, satellite navigation receiver
module 445, and user interface 450. In some aspects, the
base station 400 may be an Evolved Node-B (eNB), which
may be arranged to operate in accordance with a 3GPP
protocol, new radio (NR) protocol and/or Fifth Generation
(5G) protocol. In some aspects, the base station 400 may be
a generation Node-B (gNB), which may be arranged to
operate in accordance with a 3GPP protocol, new radio (NR)
protocol and/or Fifth Generation (5G) protocol.

In some aspects, application processor 405 may include
one or more CPU cores and one or more of cache memory,
low drop-out voltage regulators (LDOs), interrupt control-
lers, serial interfaces such as SPI, I°C or universal program-
mable serial interface module, real time clock (RTC), timer-
counters including interval and watchdog timers, general
purpose 10, memory card controllers such as SD/MMC or
similar, USB interfaces, MIPI interfaces and Joint Test
Access Group (JTAG) test access ports.

In some aspects, baseband processor 410 may be imple-
mented, for example, as a solder-down substrate including
one or more integrated circuits, a single packaged integrated
circuit soldered to a main circuit board or a multi-chip
module containing two or more integrated circuits.

In some aspects, memory 420 may include one or more of
volatile memory including dynamic random access memory
(DRAM) and/or synchronous dynamic random access
memory (SDRAM), and nonvolatile memory (NVM)
including high-speed electrically erasable memory (com-
monly referred to as Flash memory), phase change random
access memory (PRAM), magneto-resistive random access
memory (MRAM) and/or a three-dimensional cross-point
memory. Memory 420 may be implemented as one or more
of solder down packaged integrated circuits, socketed
memory modules and plug-in memory cards.

In some aspects, power management integrated circuitry
425 may include one or more of voltage regulators, surge
protectors, power alarm detection circuitry and one or more
backup power sources such as a battery or capacitor. Power
alarm detection circuitry may detect one or more of brown
out (under-voltage) and surge (over-voltage) conditions.

In some aspects, power tee circuitry 430 may provide for
electrical power drawn from a network cable to provide both
power supply and data connectivity to the base station 400
using a single cable. In some aspects, network controller 435
may provide connectivity to a network using a standard
network interface protocol such as FEthernet. Network con-
nectivity may be provided using a physical connection
which is one of electrical (commonly referred to as copper
interconnect), optical or wireless.

In some aspects, satellite navigation receiver module 445
may include circuitry to receive and decode signals trans-
mitted by one or more navigation satellite constellations
such as the global positioning system (GPS), Globalnaya
Navigatsionnaya Sputnikovaya Sistema (GLONASS), Gali-
leo and/or BeiDou. The receiver 445 may provide data to
application processor 405 which may include one or more of
position data or time data. Application processor 405 may
use time data to synchronize operations with other radio
base stations. In some aspects, user interface 450 may
include one or more of physical or virtual buttons, such as
a reset button, one or more indicators such as light emitting
diodes (LEDs) and a display screen.
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FIG. 5 illustrates an exemplary communication circuitry
according to some aspects. Circuitry 500 is alternatively
grouped according to functions. Components as shown in
500 are shown here for illustrative purposes and may include
other components not shown here in FIG. 5. In some aspects,
the communication circuitry 500 may be used for millimeter
wave communication, although aspects are not limited to
millimeter wave communication. Communication at any
suitable frequency may be performed by the communication
circuitry 500 in some aspects.

It should be noted that a device, such as a UE 102, eNB
104, gNB 105, the user device 300, the base station 400, the
machine 200 and/or other device may include one or more
components of the communication circuitry 500, in some
aspects.

The communication circuitry 500 may include protocol
processing circuitry 505, which may implement one or more
of medium access control (MAC), radio link control (RLC),
packet data convergence protocol (PDCP), radio resource
control (RRC) and non-access stratum (NAS) functions.
Protocol processing circuitry 505 may include one or more
processing cores (not shown) to execute instructions and one
or more memory structures (not shown) to store program
and data information.

The communication circuitry 500 may further include
digital baseband circuitry 510, which may implement physi-
cal layer (PHY) functions including one or more of hybrid
automatic repeat request (HARQ) functions, scrambling
and/or descrambling, coding and/or decoding, layer map-
ping and/or de-mapping, modulation symbol mapping,
received symbol and/or bit metric determination, multi-
antenna port pre-coding and/or decoding which may include
one or more of space-time, space-frequency or spatial cod-
ing, reference signal generation and/or detection, preamble
sequence generation and/or decoding, synchronization
sequence generation and/or detection, control channel signal
blind decoding, and other related functions.

The communication circuitry 500 may further include
transmit circuitry 515, receive circuitry 520 and/or antenna
array circuitry 530. The communication circuitry 500 may
further include radio frequency (RF) circuitry 525. In an
aspect of the disclosure. RF circuitry 525 may include
multiple parallel RF chains for one or more of transmit or
receive functions, each connected to one or more antennas
of the antenna array 530.

In an aspect of the disclosure, protocol processing cir-
cuitry 505 may include one or more instances of control
circuitry (not shown) to provide control functions for one or
more of digital baseband circuitry 510, transmit circuitry
515, receive circuitry 520, and/or radio frequency circuitry
525

In some embodiments, processing circuitry may perform
one or more operations described herein and/or other opera-
tion(s). In a non-limiting example, the processing circuitry
may include one or more components such as the processor
202, application processor 305, baseband module 310, appli-
cation processor 405, baseband module 410, protocol pro-
cessing circuitry 505, digital baseband circuitry 510, similar
component(s) and/or other component(s).

In some embodiments, a transceiver may transmit one or
more elements (including but not limited to those described
herein) and/or receive one or more elements (including but
not limited to those described herein). In a non-limiting
example, the transceiver may include one or more compo-
nents such as the radio front end module 315, radio front end
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module 415, transmit circuitry 515, receive circuitry 520,
radio frequency circuitry 525, similar component(s) and/or
other component(s).

One or more antennas (such as 230, 312, 412, 530 and/or
others) may comprise one or more directional or omnidi-
rectional antennas, including, for example, dipole antennas,
monopole antennas, patch antennas, loop antennas,
microstrip antennas or other types of antennas suitable for
transmission of RF signals. In some multiple-input multiple-
output (MIMO) embodiments, one or more of the antennas
(such as 230, 312, 412, 530 and/or others) may be effectively
separated to take advantage of spatial diversity and the
different channel characteristics that may result.

In some embodiments, the UE 102, eNB 104, gNB 105,
user device 300, base station 400, machine 200 and/or other
device described herein may be a mobile device and/or
portable wireless communication device, such as a personal
digital assistant (PDA), a laptop or portable computer with
wireless communication capability, a web tablet, a wireless
telephone, a smartphone, a wireless headset, a pager, an
instant messaging device, a digital camera, an access point,
a television, a wearable device such as a medical device
(e.g., a heart rate monitor, a blood pressure monitor, etc.), or
other device that may receive and/or transmit information
wirelessly. In some embodiments, the UE 102, eNB 104,
gNB 105, user device 300, base station 400, machine 200
and/or other device described herein may be configured to
operate in accordance with 3GPP standards, although the
scope of the embodiments is not limited in this respect. In
some embodiments, the UE 102, eNB 104, gNB 105, user
device 300, base station 400, machine 200 and/or other
device described herein may be configured to operate in
accordance with new radio (NR) standards, although the
scope of the embodiments is not limited in this respect. In
some embodiments, the UE 102, eNB 104, gNB 105, user
device 300, base station 400, machine 200 and/or other
device described herein may be configured to operate
according to other protocols or standards, including IEEE
802.11 or other IEEE standards. In some embodiments, the
UE 102, eNB 104, gNB 105, user device 300, base station
400, machine 200 and/or other device described herein may
include one or more of a keyboard, a display, a non-volatile
memory port, multiple antennas, a graphics processor, an
application processor, speakers, and other mobile device
elements. The display may be an LCD screen including a
touch screen.

Although the UE 102, eNB 104, gNB 105, user device
300, base station 400, machine 200 and/or other device
described herein may each be illustrated as having several
separate functional elements, one or more of the functional
elements may be combined and may be implemented by
combinations of software-configured elements, such as pro-
cessing elements including digital signal processors (DSPs),
and/or other hardware elements. For example, some ele-
ments may comprise one or more microprocessors, DSPs,
field-programmable gate arrays (FPGAs), application spe-
cific integrated circuits (ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware and
logic circuitry for performing at least the functions described
herein. In some embodiments, the functional elements may
refer to one or more processes operating on one or more
processing elements.

Embodiments may be implemented in one or a combina-
tion of hardware, firmware and software. Embodiments may
also be implemented as instructions stored on a computer-
readable storage device, which may be read and executed by
at least one processor to perform the operations described
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herein. A computer-readable storage device may include any
non-transitory mechanism for storing information in a form
readable by a machine (e.g., a computer). For example, a
computer-readable storage device may include read-only
memory (ROM), random-access memory (RAM), magnetic
disk storage media, optical storage media, flash-memory
devices, and other storage devices and media. Some embodi-
ments may include one or more processors and may be
configured with instructions stored on a computer-readable
storage device.

It should be noted that in some embodiments, an appa-
ratus used by the UE 102, eNB 104, gNB 105, machine 200,
user device 300 and/or base station 400 may include various
components shown in FIGS. 2-5. Accordingly, techniques
and operations described herein that refer to the UE 102 may
be applicable to an apparatus of a UE. In addition, tech-
niques and operations described herein that refer to the eNB
104 may be applicable to an apparatus of an eNB. In
addition, techniques and operations described herein that
refer to the gNB 105 may be applicable to an apparatus of
a gNB.

FIG. 6 illustrates an example of a radio frame structure in
accordance with some embodiments. FIGS. 7A and 7B
illustrate example frequency resources in accordance with
some embodiments. In references herein, “FIG. 7” may
include FIG. 7A and FIG. 7B. It should be noted that the
examples shown in FIGS. 6-7 may illustrate some or all of
the concepts and techniques described herein in some cases,
but embodiments are not limited by the examples. For
instance, embodiments are not limited by the name, number,
type, size, ordering, arrangement and/or other aspects of the
time resources, symbol periods, frequency resources, PRBs
and other elements as shown in FIGS. 6-7. Although some
of the elements shown in the examples of FIGS. 6-7 may be
included in a 3GPP LTE standard, 5G standard, NR standard
and/or other standard, embodiments are not limited to usage
of such elements that are included in standards.

An example of a radio frame structure that may be used
in some aspects is shown in FIG. 6. In this example, radio
frame 600 has a duration of 10 ms. Radio frame 600 is
divided into slots 602 each of duration 0.5 ms, and numbered
from O to 19. Additionally, each pair of adjacent slots 602
numbered 2i and 2i+1, where i is an integer, is referred to as
a subframe 601.

In some aspects using the radio frame format of FIG. 6,
each subframe 601 may include a combination of one or
more of downlink control information, downlink data infor-
mation, uplink control information and uplink data infor-
mation, sidelink control and data information. The combi-
nation of information types and direction may be selected
independently for each subframe 602.

Referring to FIGS. 7A and 7B, in some aspects, a sub-
component of a transmitted signal consisting of one subcar-
rier in the frequency domain and one symbol interval in the
time domain may be termed a resource element. Resource
elements may be depicted in a grid form as shown in FIG.
7A and FIG. 7B.

In some aspects, illustrated in FIG. 7A, resource elements
may be grouped into rectangular resource blocks 700 con-
sisting of 12 subcarriers in the frequency domain and the P
symbols in the time domain, where P may correspond to the
number of symbols contained in one slot, and may be 6, 7,
or any other suitable number of symbols.

In some alternative aspects, illustrated in FIG. 7B,
resource elements may be grouped into resource blocks 700
consisting of 12 subcarriers (as indicated by 702) in the
frequency domain and one symbol in the time domain. In the
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depictions of FIG. 7A and FIG. 7B, each resource element
705 may be indexed as (k, 1) where k is the index number of
subcarrier, in the range 0 to N-M-1 (as indicated by 703),
where N is the number of subcarriers in a resource block,
and M is the number of resource blocks spanning a com-
ponent carrier in the frequency domain.

In accordance with some embodiments, the gNB 105 may
allocate a resource pool of physical resource blocks (PRBs)
and sub-frames for vehicle-to-vehicle (V2V) sidelink trans-
missions. The gNB 105 may receive, from a UE 102, an
uplink control message that indicates that the UE 102
requests a V2V sidelink transmission of a prioritized mes-
sage. The eNB 104 may select, for the V2V sidelink trans-
mission of the prioritized message, one or more PRBs of the
resource pool and one or more sub-frames of the resource
pool. The gNB 105 may transmit, to the UE 102 and to other
UEs 102, a downlink control message that indicates: the
selected PRBs, the selected sub-frames, and that the other
UEs 102 are to mute sidelink transmissions in the selected
PRBs in the selected sub-frames to enable the V2V sidelink
transmission of the prioritized message. These embodiments
are described in more detail below.

FIG. 8 illustrates the operation of a method of commu-
nication in accordance with some embodiments. FIG. 9
illustrates the operation of another method of communica-
tion in accordance with some embodiments. In describing
the methods 800 and 900, reference may be made to one or
more of FIGS. 1-13, although it is understood that the
methods 800 and 900 may be practiced with any other
suitable systems, interfaces and components. In some cases,
descriptions herein of one or more of the concepts, opera-
tions and/or techniques regarding one of the methods
described herein (800, 900 and/or other) may be applicable
to at least one of the other methods described herein (800,
900 and/or other).

Some embodiments of the method 800 may include
additional operations in comparison to what is illustrated in
FIG. 8, including but not limited to operations described
herein. Some embodiments of the method 800 may not
necessarily include all of the operations shown in FIG. 8. In
addition, embodiments of the method 800 are not necessar-
ily limited to the chronological order that is shown in FIG.
8. In some embodiments, a gNB 105 may perform one or
more operations of the method 800, but embodiments are not
limited to performance of the method 800 and/or operations
of it by the gNB 105. Accordingly, although references may
be made to performance of one or more operations of the
method 800 by the gNB 105 in descriptions herein, it is
understood that the eNB 104 and/or UE 102 may perform
one or more operations that may be the same as, similar to
and/or reciprocal to one or more of the operations of the
method 800, in some embodiments.

Some embodiments of the method 900 may include
additional operations in comparison to what is illustrated in
FIG. 9, including but not limited to operations described
herein. Some embodiments of the method 900 may, not
necessarily include all of the operations shown in FIG. 9. In
addition, embodiments of the method 900 are not necessar-
ily limited to the chronological order that is shown in FIG.
9. In some embodiments, a UE 102 may perform one or
more operations of the method 900, but embodiments are not
limited to performance of the method 900 and/or operations
of it by the UE 102. Accordingly, although references may
be made to performance of one or more operations of the
method 900 by the UE 102 in descriptions herein, it is
understood that the eNB 104 and/or gNB 105 may perform
one or more operations that may be the same as, similar to
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and/or reciprocal to one or more of the operations of the
method 900, in some embodiments.

While the methods 800 and 900 and other methods
described herein may refer to eNBs 104, gNBs 105 or UEs
102 operating in accordance with 3GPP standards, 5G
standards. NR standards and/or other standards, embodi-
ments of those methods are not limited to just those eNBs
104, gNBs 105 or UEs 102 and may also be practiced on
other devices, such as a Wi-Fi access point (AP) or user
station (STA). In addition, the methods 800, 900 and other
methods described herein may be practiced by wireless
devices configured to operate in other suitable types of
wireless communication systems, including systems config-
ured to operate according to various IEEE standards such as
IEEE 802.11. The methods 800, 900 and other methods
described herein may also be applicable to an apparatus of
a UE 102, an apparatus of an eNB 104, an apparatus of a
gNB 105 and/or an apparatus of another device described
above.

It should also be noted that embodiments are not limited
by references herein (such as in descriptions of the methods
800, 900 and/or other descriptions herein) to transmission,
reception and/or exchanging of elements such as frames,
messages, requests, indicators, signals or other elements. In
some embodiments, such an element may be generated,
encoded or otherwise processed by processing circuitry
(such as by a baseband processor included in the processing
circuitry) for transmission. The transmission may be per-
formed by a transceiver or other component, in some cases.
In some embodiments, such an element may be decoded,
detected or otherwise processed by the processing circuitry
(such as by the baseband processor). The element may be
received by a transceiver or other component, in some cases.
In some embodiments, the processing circuitry and the
transceiver may be included in a same apparatus. The scope
of embodiments is not limited in this respect, however, as
the transceiver may be separate from the apparatus that
comprises the processing circuitry, in some embodiments.

One or more of the messages described herein may be
included in a standard and/or radio-protocol, including but
not limited to Third Generation Partnership Project (3GPP),
3GPP Long Term Evolution (LTE), Fourth Generation (4G).
Fifth Generation (5G). New Radio (NR) and/or other. The
scope of embodiments is not limited to usage of elements
that are included in standards, however.

At operation 805, the gNB 105 may allocate a resource
pool for vehicle-to-vehicle (V2V) sidelink transmissions. In
some embodiments, the gNB 105 may allocate the resource
pool for gNB-controlled (including but not limited to mode-
3) vehicle-to-vehicle (V2V) sidelink transmissions in accor-
dance with resource selection by the gNB 105. In some
embodiments, the gNB 105 may allocate the resource pool
for UE-autonomous (including but not limited to mode-4)
V2V sidelink transmissions in accordance with autonomous
resource selection by UEs 102. In some embodiments, the
gNB 105 may allocate the resource pool for a combination
of mode-3 V2V sidelink transmissions and mode-4 V2V
sidelink transmissions.

In some embodiments, the resource pool may include
time resource and/or frequency resources. In a non-limiting
example, the resource pool may include one or more physi-
cal resource blocks (PRBs) or frequency sub-channels and
one or more sub-frames in time. In some embodiments, the
resource pool may include contiguous frequency resources
and/or PRBs, although the scope of embodiments is not
limited in this respect. In some embodiments, the resource
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pool may include contiguous time resources and/or sub-
frames, although the scope of embodiments is not limited in
this respect.

It should be noted that descriptions herein of some
operations and/or techniques may refer to PRBs/sub-chan-
nels and sub-frames, but such references are not limiting. In
some embodiments, other time resources and/or frequency
resources may be used in one or more of those operations
and/or techniques.

At operation 810, the gNB 105 may transmit a downlink
control message that indicates the resource pool. In some
embodiments, the downlink control message may indicate
PRBs and/or sub-frames of the resource pool, although the
scope of embodiments is not limited in this respect. Any
suitable information that indicates the resource pool may be
included in the downlink control message.

At operation 815, the gNB 105 may receive an uplink
control message that indicates that the UE requests a V2V
sidelink transmission of a prioritized message. In a non-
limiting example, the prioritized message may be an emer-
gency message. In another non-limiting example, the pri-
oritized message may be of a priority level that is “high” in
some sense, such as: relatively high, higher than a threshold,
higher than an average priority and/or other.

In some embodiments, the uplink control message may
indicate one or more of: a transmission period for the V2V
sidelink transmission of the prioritized message, a number
of PRBs for the V2V sidelink transmission of the prioritized
message, a buffer status report and/or other.

In some embodiments, the uplink control message may be
included in a physical uplink shared channel (PUSCH). In
some embodiments, the uplink control message may be a
physical uplink control channel (PUCCH). The PUSCH
and/or PUCCH may be included in a 3GPP standard, in
some embodiments. It should be noted that embodiments are
not limited to usage of the path switch trigger message in
this operation and/or other operations described herein, as
any suitable messages may be used.

At operation 820, the gNB 105 may select resources for
a V2V sidelink transmission. In some embodiments, the
gNB 105 may select resources for the V2V sidelink trans-
mission of the prioritized message. In some embodiments,
the gNB 105 may select, for the V2V sidelink transmission
of'the prioritized message: one or more PRBs of the resource
pool, one or more sub-frames of the resource pool or a
combination thereof. In some embodiments, the gNB 105
may select resources that may not necessarily be contiguous
in time and frequency. For instance, the resources may
include first PRBs in a first symbol or subframe and second
PRBs in a second symbol or subframe, and the first PRBs
may be different from the second PRBs.

In some embodiments, the gNB 105 may select the
resources (such as PRBs and sub-frames) for the V2V
sidelink transmission of the prioritized message based at
least partly on information included in the uplink control
message. In some embodiments, the gNB 105 may select the
resources (such as PRBs and sub-frames) for the V2V
sidelink transmission of the prioritized message based at
least partly on channel sense measurements (such as those
described regarding operation 940). In some embodiments,
one or more other factors may be used by the gNB 105 for
the selection of resources, in addition to or instead of the
factors described above.

It should be noted that one or more operations of methods
described herein (such as 800, 900 and/or others) may be
described for cases in which a V2V sidelink transmission of
prioritized message is to be used. Such operations may
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include, but are not limited to, resource selection, indication
of selected resources and/or others. However, such descrip-
tions are not limiting, as one or more of those operations
may be applicable to cases in which V2V sidelink transmis-
sions are used for messages that may not necessarily be
prioritized messages, in some embodiments.

At operation 825, the gNB 105 may transmit a downlink
control message that indicates that other UEs 102 are to
mute transmissions in the selected PRBs in the selected
sub-frame. In some embodiments, the downlink control
message may further indicate one or more of; the selected
PRBs, the selected sub-frames, a time duration for which the
other UEs 102 are to mute the sidelink transmissions in the
selected PRBs in the selected sub-frames and/or other infor-
mation.

In some embodiments, the gNB 105 may transmit the
downlink control message to the UE 102. In some embodi-
ments, the gNB 105 may transmit the downlink control
message to other UEs 102. In some embodiments, the gNB
105 may transmit the downlink control message to the UE
102 and to other UEs 102.

In a non-limiting example, the downlink control message
may be a medium access control (MAC) control element
(CE) included in a physical downlink shared channel
(PDSCH). In another non-limiting example, the downlink
control message may be a physical downlink control channel
(PDCCH). The PDCCH may include a downlink control
information (DCI) that indicates the selected resources (such
as selected PRBs, selected sub-frames and/or other). In
another non-limiting example, the downlink control mes-
sage may be a broadcast system information block (SIB).

At operation 830, the gNB 105 may transmit a downlink
control message that indicates one or more parameters for
one or more channel sense measurements by UEs 102.
Example parameters for the channel sense measurements
include, but are not limited to: a number of PRBs for the
measurements, a number of sub-frames for the measure-
ments and/or other.

In some embodiments, the channel sense measurement
may be a sidelink received signal strength indicator
(S-RSSI). Other measurements may be used, including but
not limited to a signal-to-noise ratio (SNR), a reference
signal received power (RSRP), a reference signal received
quality (RSRQ), a channel busy ratio (CBR), or measure-
ments to report candidate subset of resources for selection or
subset of resources that should not be used (unavailable/
excluded) for transmission and/or other.

At operation 835, the gNB 105 may receive an uplink
control message that indicates the one or more channel sense
measurements. Any suitable type of uplink control message,
such as a PUCCH. PUSCH and/or other, may be used.

At operation 840, the gNB 105 may select, based at least
partly on the one or more channel sense measurements, one
or more resources for a V2V sidelink transmission. In some
embodiments, the gNB 105 may transmit a downlink control
message (including but not limited to messages described
herein regarding operation 825) to indicate the resources
selected at operation 840.

In a non-limiting example of resource selection, the
channel sense measurement may be related to first resources
of the resource pool. The gNB 105 may select second
resources of the resource pool for the mode-3 V2V sidelink
transmission. The gNB 105 may determine, based at least
partly on the channel sense measurement, whether the first
resources are unavailable for mode-3 V2V sidelink trans-
missions. If it is determined that the first resources are
unavailable for mode-3 V2V sidelink transmissions, the
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gNB 105 may select the second resources from candidate
resources that exclude the first resources.

In some embodiments, the gNB 105 may be arranged to
operate in accordance with a Third Generation Partnership
Project (3GPP) protocol. In some embodiments, the gNB
105 may be configured for mode-3 operation, wherein the
gNB 105 is to select time resources and/or frequency
resources (such as PRBs and sub-frames of the resource
pool) for a V2V sidelink transmission. In some embodi-
ments, uplink control messages may be received by the gNB
105 over an uplink Uu interface and downlink control
messages may be transmitted by the gNB 105 over a
downlink Uu interface.

In some embodiments, the gNB 105 may transmit down-
link control signaling to instruct UEs 102 to perform one or
more of monitor one or more sidelink resource pools; sense
the sidelink resource pools; perform radio-layer measure-
ments within the sidelink resource pools; determine candi-
date resources of the sidelink resource pools that are avail-
able for sidelink transmission (for instance, the best M
candidate resources may be determined, wherein Mz1);
determine resources of the sidelink resource pools that are to
be excluded from selection for the sidelink transmissions;
determine resources of the sidelink resource pools that are
not available for the sidelink transmissions.

In some embodiments, radio-layer parameters (for the
above operations and/or other operations) may be configured
by the gNB 105 using signaling (including but not limited to
RRC signaling) that may indicate one or more of: triggering
conditions for measurement and/or reporting of results to the
gNB 105, a pre-configured reporting format; a pre-defined
reporting format; and/or other.

In some embodiments, triggering conditions may be
based on one or more thresholds for measurements related to
detection of sidelink transmissions. Example measurements
include, but are not limited to, received power and reference
signal received power (RSRP). For instance, if a measure-
ment exceeds a threshold, a report may be triggered. In some
embodiments, triggering conditions may be based on one or
more thresholds for priority levels of detected sidelink
signals. For instance, if the priority level of a detected signal
is above a threshold, a report may be triggered. A combi-
nation of the above (and/or other) may be used, in some
embodiments. For instance, a report may be triggered if a
priority of a detected sidelink transmission is greater than a
first threshold and if a measurement (such as received power,
RSRP and/or other) of the detected sidelink transmission is
greater than a second threshold, a report may be triggered.

In some embodiments, a pre-configured reporting format
and/or pre-defined reporting format may include one or
more of; a candidate resource set; a subset of the best
selected resources from candidate resource set recom-
mended for transmission; resources that should not be used
for scheduling sidelink transmissions; resources for which it
is recommended to refrain from allocation for scheduling of
sidelink transmissions; and/or other. In a non-limiting
example, the report may be sent over PUCCH or PUSCH in
the form of MAC CE or other types of UL control signaling.

In some embodiments, an apparatus of a gNB 105 may
comprise memory. The memory may be configurable to
store information identifying selected PRBs and selected
sub-frames. The memory may store one or more other
elements and the apparatus may use them for performance of
one or more operations. The apparatus may include process-
ing circuitry, which may perform one or more operations
(including but not limited to operation(s) of the method 800
and/or other methods described herein). The processing
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circuitry may include a baseband processor. The baseband
circuitry and/or the processing circuitry may perform one or
more operations described herein, including but not limited
to selection of resources for the V2V sidelink transmission
of the prioritized message. The apparatus of the gNB 105
may include a transceiver to receive an uplink control
message and to transmit a downlink control message. The
transceiver may transmit and/or receive other blocks, mes-
sages and/or other elements.

At operation 905, the UE 102 may receive a downlink
control message that indicates a resource pool for V2V
sidelink transmission.

At operation 910, the UE 102 may determine that the UE
is to perform a V2V sidelink transmission of a prioritized
message. In a non-limiting example, the UE 102 may
determine that the prioritized message is to be transmitted
over the V2V sidelink based at least partly on an indicator
generated by an application layer of the UE 102.

At operation 915, the UE 102 may select resources for the
V2V sidelink transmission of the prioritized message. In
some embodiments, the UE 102 may select one or more
PRB and one or more sub-frames for the V2V sidelink
transmission of the prioritized message.

At operation 920, the UE 102 may transmit a sidelink
control message that indicates that other UEs 102 are to
mute sidelink transmissions in the selected/indicated set of
PRBs and sub-frames. In some embodiments, the sidelink
control message may further indicate one or more of: the
selected PRBs, the selected sub-frames, a time duration for
which the other UEs 102 are to mute the sidelink transmis-
sions in the selected PRBs in the selected sub-frames and/or
other information.

In a non-limiting example, the sidelink control message
may be included in a physical sidelink shared channel
(PSSCH). In another non-limiting example, the sidelink
control message may be a physical sidelink control channel
(PSCCH) that includes a sidelink control information (SCI)
that includes the selected resources (such as the selected
PRBs and the selected sub-frames). Embodiments are not
limited to these examples, as other types of sidelink control
messages may be used.

At operation 925, the UE 102 may transmit the prioritized
message in the selected resources.

At operation 930, the UE 102 may receive a downlink
control message that indicates one or more parameter for
one or more channel sense measurements by UEs 102. At
operation 935, the UE 102 may determine the one or more
channel sense measurements. At operation 940, the UE 102
may transmit an uplink control message that indicates the
one or more channel sense measurements.

In some embodiments, one or more of operations 930-940
may be performed in accordance with mode-3 operation. In
some embodiments, the UE 102 may operate in accordance
with mode-4 operation and may not necessarily perform one
or more of operations 930-940. For instance, channel sens-
ing in accordance with mode-4 operation may be performed
locally by the UE 102 without an exchange of messages
(such as from the gNB 105) that indicate such measure-
ments.

In some embodiments, the UE 102 may be arranged to
operate in accordance with a Third Generation Partnership
Project (3GPP) protocol. In some embodiment, the UE 102
may be configured for mode-4 operation, wherein the UE
102 is to select the resources (such as the PRBs and the
sub-frames) for V2V sidelink transmissions.

It should be noted that some embodiment may not nec-
essarily include all operations shown in FIG. 9. For instance,
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if the UE 102 operates in accordance with mode-4 operation,
the UE 102 may not necessarily perform one or more of
operations 930-940.

In some embodiments, an apparatus of a UE 102 may
comprise memory. The memory may be configurable to
store at least a portion of the prioritized message. The
memory may store one or more other elements and the
apparatus may use them for performance of one or more
operations. The apparatus may include processing circuitry,
which may perform one or more operations (including but
not limited to operation(s) of the method 900 and/or other
methods described herein). The processing circuitry may
include a baseband processor. The baseband circuitry and/or
the processing circuitry may perform one or more operations
described herein, including but not limited to selection of
resources for a V2V transmission. The apparatus of the UE
102 may include a transceiver to transmit the sidelink
control message. The transceiver may transmit and/or
receive other blocks, messages and/or other elements.

In some embodiments, techniques and/or operations
described herein may be applicable for implementation in
Cellular V2X systems including LTE V2X and NR V2X
technologies. In some cases, such techniques and/or opera-
tions may enable improvements in comparison to other
systems, such as a higher reliability of high priority vehicu-
lar message transmission, a reduced V2X system reaction
time and/or other.

In some V2X use cases, such as cases in which a traffic
jam occurs due to an accident and/or other event(s), a
number of cars in a same area may be relatively large. A
probability of message collision for vehicle to vehicle (V2V)
communication may be high in cases in which a density of
vehicles in a same geographical area is high. A communi-
cation range of the sidelink V2V message transmission may
be reduced in these and other scenarios.

In some cases, high priority messages and/or indications
may be used. In a non-limiting example scenario, a safety
car (police, medical and/or other) may transmit emergency
messages and/or indications to other cars. For instance, the
safety car may indicate to other cars to switch lanes due to
emergency or align trajectory. In some embodiments, a
mechanism for transmission of “high priority” packets may
be used. In some embodiments, a UE 102 (and/or other
device) may indicate to one or more other UEs 102 (and/or
other devices) one or more of the following: that the other
UEs 102 are to “mute” transmission, that the other UEs 102
are to exclude certain resources from candidate resources,
that the other UEs 102 are to stop transmission on indicated
resources during a time interval; and/or other. These mecha-
nisms and/or other mechanisms may be applicable to various
scenarios, including the above scenarios.

In some embodiments, a “mute” control signaling proce-
dure (such as a mute announcement/request and/or other)
may be used. In some cases, such a procedure may be used
for notification of other UEs 102 to stop transmitting in order
for higher priority safety message to reach neighboring UEs
102. The higher priority safety message may be transmitted
on a “muted” resource in which other transmissions are to be
muted. In some embodiments, the muted resource may be a
dedicated resource, although the scope of embodiments is
not limited in this respect. An indication mechanism may be
signaled by the gNB 105, UE 102 and/or other device. The
techniques described herein may be applicable to Mode-3
scenarios (in which the gNB 105 controls resource alloca-
tion), Mode-4 scenarios (in which autonomous resource
allocation by one or more UEs 102 is used) and/or other
scenarios.
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In some embodiments, the muted resource may be
restricted to a subset of resource blocks (RBs)/sub-channels
and/or subframes. In some embodiments, the muted resource
may be held/restricted for a limited duration of time. In some
embodiments, a sidelink relaying mechanism may be used
by the UE 102 for one or more of the following: to receive
high priority messages, to retransmit high priority messages
to other devices, to disseminate information (such as a
number of hops for repetition/retransmission and/or other
information) about resources prohibited for selection and
reservation by other UEs 102; and/or other operation(s).

In some embodiments, a sidelink mute/reservation request
may be used. In a non-limiting example, the sidelink mute/
reservation request may be based on eNB/gNB control
signaling, although the scope of embodiments is not limited
in this respect. The gNB 105 may indicate a mute request to
UEs 102 based on the network command or by request from
served UEs 102 that request resources for high priority
sidelink transmission with high reliability (for instance,
mission critical traffic with low latency and high reliability
requirements). In this scenario, it may be assumed that UEs
102 performing V2V sidelink communication on certain
frequency channel also monitor Uu air-interface to receive
commands from eNBs 104 and/or gNBs 105. Different
approaches are possible, including but not limited to single
cell point to multipoint (SC-PTM), multicast broadcast
single frequency network (MBSFN), basic DL. communica-
tion and/or other.

From a physical layer perspective, such an indication in
the downlink may be signaled in a PDCCH, a PDSCH
and/or or a PMCH (which will be described below),
although other elements may be used. In some embodi-
ments, the gNB 105 may transmit a PDCCH that indicates
a mute operation. In some embodiments, the gNB 105 may
transmit a PDSCH that indicates a mute operation. In some
embodiments, the gNB 105 may transmit a PMCH that
indicates a mute operation. Embodiments are not limited to
usage of these elements (PDCCH, PDSCH, PMCH) for
indication of the mute operation, as other elements may be
used in some embodiments.

In some embodiments, including but not limited to
embodiments in which the PDCCH is used for a mute
indication, an existing DL, DCI format and/or other DL DCI
format may be defined to carry physical layer indication of
resources to mute sidelink transmissions. In some cases, a
reuse of legacy DCI formats (such as 5 or SAin a 3GPP LTE
standard and/or other format) may be a preferred design
option to avoid increase in blind decoding attempts. A
dedicated RNTI (such as RSRV_RNTI, MUTE_RNTT and/
or other) may be allocated/configured to enable the UE 102
to monitor DCI transmissions in a common search space (or
group common search space or CORE_SET) and to receive
a mute command from the gNB 105. Alternatively, V2X or
SC-PTM RNTIs allocated for a common search space may
be used.

In some embodiments, including but not limited to
embodiments in which the PDCCH is used for a mute
indication, the content of DCI format carrying mute infor-
mation may indicate sidelink resources in which UEs 102
are to drop transmissions and are to exclude these resources
from candidate resources for selection. In some embodi-
ments, the eNB 104/gNB 105 mute command through
PDCCH control signaling may look similar to a sidelink
grant in eNB 104 and/or gNB 105 controlled resource
allocation mode. In some embodiments, the eNB 104/gNB
105 mute command through PDCCH control signaling may
comprise one or more of the following: priority information,
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for instance that transmissions with lower priority are to be
muted on indicated resources and the indicated resources are
to be excluded those from candidates resources for selection;
frequency resource location information, including but not
limited to a set of frequency sub-channels, sub-bands or
physical resource blocks; time resource location informa-
tion, including but not limited to a set of subframes or slots
periodically occurring in time; resource reservation interval/
period, including but not limited to a period of muted
resource occasions; a mute/reservation interval, for instance
a timer configuration to indicate for how long the command
is supposed to be valid (otherwise eNB 104/gNB 105 may
periodically signal this command); a sidelink resource pool
1D, for instance which sidelink resource pool should not be
used for transmission, wherein this principle may rely on
dynamic activation/deactivation of pre-configured sidelink
resource pools available for transmission; resource alloca-
tion mode indication, for instance whether the mute com-
mand is applicable to Mode-3 (eNB 104/gNB 105 controlled
UEs 102) or to Mode-4 (UEs 102 using autonomous
resource selection) or both modes of operation; location
information, for instance an ID of geographical area/zone for
which this command was issued; a sidelink carrier ID, for
instance an indication of sidelink carrier or carrier set in
which resources are to be muted; a hop counter for resource
reservation/mute request (for instance in cases in which
signaling is relayed by a UE 102, it should increment relay
hop counter); and/or other information.

In some embodiments, including but not limited to
embodiments in which the PDCCH is used for a mute
indication, the UE 102 may perform one or more of the
following behaviors. The target UE 102, upon reception of
DCI command, may be expected to mute transmission on
indicated sidelink resources and resume use of these
resources upon command completion/expiration or addi-
tional eNB/gNB signaling to release these resources. The
target UE 102 may be determined by RNTI, geographical
location information and/or other information. The target
UE 102, if configured, may relay this information on side-
link so that UEs 102 are aware about the mute operation on
the subset of sidelink resources. The target UE 102 may use
SCI signaling in PSCCH. MAC CE delivered through
PSSCH transmission and/or other element for the relay. The
UE 102 may request the gNB 105 to send this mute
command and provide a UE 102 report with assistance
information including one or more of: a period of transmis-
sion, an amount of frequency resources or buffer status
report, priority information, location information, and/or
other information. The UE 102 may be preconfigured
through RRC signaling with system parameters to execute
such system behavior, such as one or more of: timer infor-
mation indicating validity of command, resource pools for
which the command is applicable, component carriers in
which such operation may be enabled, applicable resource
allocation modes, and/or other.

In some embodiments, including but not limited to
embodiments in which the PDCCH is used for a mute
indication, the eNB 104/gNB 105 may perform one or more
of the following behaviors. The eNB 104/gNB 105 may
configure UEs 102 to enable functionality of sidelink
resource mute/reservation. The eNB 104/gNB 105 may
generate resource mute command upon request from net-
work or UEs 102 and may signal it to UEs 102 in cell area
and may signal it in PDCCH/PDSCH/PMCH. The eNB
104/gNB 105 may signal these commands periodically until
the mute and resource reservation is valid. The eNB 104/
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gNB 105 may exchange control information about muted
resources with neighbor eNBs 104/gNBs 105 through X2AP
interface.

In some cases, a mechanism based on PDCCH indication
(including but not limited to a mechanism similar to the one
described above) may provide a relatively fast system reac-
tion time and may be used for latency critical applications.

In some cases, including but not limited to cases in which
a payload size of DCI is not sufficient to enable mute
operation, the PDSCH may be used for the indication. This
mode of operation may be implemented based on SC-PTM
framework or using unicast or group common DL transmis-
sions, although the scope of embodiments is not limited in
this respect. In some embodiments, the indication of muted/
reserved resources may reuse sidelink resource pool con-
figuration principle or sidelink grant used in case of eNB/
gNB controlled resource allocation mode. In some cases,
including but not limited to cases in which resource pool
configuration signaling is reused for indication of muted/
reserved resources, the UE 102 may use pre-configured
resource pools for sidelink transmission, may drop trans-
mission and/or may exclude from resource selection over-
lapped sidelink resources.

In some embodiments, including but not limited to
embodiments in which the PDSCH is used for a mute
indication, MAC Control element (CE) (including but not
limited to a V2X MAC CE) may be used for the indication.
Embodiments are not limited to usage of this element for the
mute indication, however, as other elements may be used in
some embodiments. In some embodiments, the V2X MAC
CONTROL CE may be transmitted in a unicast or a broad-
cast mode to vehicles in a given area. The MAC control CE
may include one or more of the following: a command type,
such as whether to mute or to release mute; priority infor-
mation, for instance, transmissions with lower priority on
indicated resources are to be muted, the indicated resources
are to be excluded from candidates resources for selection
and/or other; frequency resource location information, such
as one or more of a set of frequency sub-channels, sub-bands
or physical resource blocks; a list of identifiers (IDs), such
as destination-layer2-ids and/or other; time resource loca-
tion information, such as a set of subframes or slots peri-
odically occurring in time; resource reservation interval/
period, for instance a period of muted resource occasions; a
mute/reservation interval, for instance a timer configuration
to indicate for how long the command is supposed to be
valid (otherwise eNB 104/gNB 105 may periodically signal
this command); sidelink resource pool ID, for instance
which sidelink pool should not be used for transmission (this
principle may rely on dynamic activation/deactivation of
pre-configured sidelink resource pools available for trans-
mission, in some cases); resource allocation mode indica-
tion, for instance whether mute command is applicable to
Mode-3 (eNB 104/gNB 105 controlled UEs 102) or to
Mode-4 (UEs 102 using autonomous resource selection) or
both modes of operation; location information, for instance
an ID of a geographical area/zone for which the mute
command is, including but not limited to a zone ID of a
3GPP LTE standard; a sidelink carrier 1D, for instance an
indication of sidelink carrier(s) and/or carrier set in which
resources are to be muted; a hop counter for resource
reservation, mute request and/or other; and/or other infor-
mation.

In some embodiments, a system information broadcast
(SIB) may include one or more of the following: a mute
indication, a mute command, information related to a mute
operation (including but not limited to information related to
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a mute operation that may be included in a MAC CE
described herein); and/or other information. In a non-limit-
ing example, an extension of the SIB 21 and/or other SIB
may be used. The SIB may be broadcast. The SIB may be
received by multiple vehicles/devices.

In some embodiments, a UE 102 may receive a MAC CE
or SIB that indicates a mute command. The UE 102 may
mute transmission on indicated sidelink resources. The UE
102 may resume usage of those resources. For instance, the
UE 102 may resume usage of those resources upon com-
mand completion or based on additional eNB 104/gNB 105
signaling or based on other event(s).

In some embodiments, the target UE 102 may be deter-
mined by RNTI, SL-V-RNTI, geographical location infor-
mation and/or other information. The target UE 102 may, if
configured, relay some information about the sidelink,
which may enable multiple UEs 102 to be aware about a
mute operation on the subset of sidelink resources. The
target UE 102 may use SCI signaling in PSCCH. MAC CE
delivered through PSSCH transmission and/or other element
for the relay. A priority of the MAC CE may be configured
by eNB 104/gNB 105 signaling or may be pre-configured.

In some embodiments, the UE 102 may request that the
gNB 105 send a mute command and/or a UE report with
assistance information. The assistance information may be
related to a mute operation, such as one or more of: a period
of transmission, an amount of frequency resources, a buffer
status report, priority information, location information and/
or other.

In some embodiments, the UE 102 may be preconfigured
(through RRC signaling and/or other) with system param-
eters to execute such system behavior. Such information
may include one or more of: timer information indicating
validity of the mute command, resource pools for which the
mute command is applicable, component carriers in which
such operation may be enabled, applicable resource alloca-
tion modes and/or other.

In some embodiments, including but not limited to
embodiments in which the SIB is used for a mute indication,
the eNB 104/gNB 105 may perform one or more of the
following behaviors. The eNB 104/gNB 105 may configure
UEs 102 to enable functionality of sidelink resource mute/
reservation. The eNB 104/gNB 105 may generate resource
mute command upon request from network or UEs 102 and
may signal it to UEs 102 in cell area and may signal it in
PDCCH/PDSCH/PMCH. The eNB 104/gNB 105 may sig-
nal these commands periodically until the mute and resource
reservation is valid. The eNB 104'gNB 105 may exchange
control information about muted resources with neighbor
eNBs 104/gNBs 105 through X2AP interface.

In some embodiments, including but not limited to
embodiments in which the PMCH is used for a mute
indication, the PMCH based indication may assume utiliza-
tion of MBMS protocols to carry information about sidelink
resource mute/reservation across multiple cells using
MBSFN transmissions. In some embodiments, a Temporary
Mobile Group Identity (TMGI) may be configured for
service notification related to V2X. This TMGI may be
associated with a V2X configuration sidelink. An applica-
tion that handles this service may be configured with the
enhance resource reservation configuration. In some
embodiments, the PMCH may include one or more of the
following: a mute indication, a mute command, information
related to a mute operation (including but not limited to
information related to a mute operation that may be included
in a MAC CE described herein); and/or other information.
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In some embodiments, the UE 102 may transmit control
signaling and/or an element that includes a mute indication,
a mute command, a sidelink mute/reservation request and/or
other information related to a mute operation. Non-limiting
examples of such control signaling and/or element include a
PSCCH (sidelink control) channel or PSSCH (sidelink
shared) channel.

In some embodiments, a mechanism to reserve/mute
resources may be activated upon request from application
layers. The sidelink mute and resource reservation request
may be carried out through different types of sidelink
signaling. For instance, upon notification from V2X stack
(such as a notification that an emergency high priory mes-
sage (ITS/SAE for this message priority class) is to be sent,
a notification that the medium is congested and/or a notifi-
cation of another event), the cellular MAC layer may send
and/or request physical layer to send a message/element to
indicate a mute operation for radio resource(s). The UE 102
may then or in parallel transmit the message/element. Upon
receiving the message/element, a UE 102 may stop trans-
mission on the sidelink on one or more resource blocks
(RBs) indicated by the message/element. The message/
element may be related to one or more RBs. The mute
operation indicated by the message/element may be appli-
cable for a finite amount of time, in some embodiments. In
a non-limiting example, the message/element may be
referred to, without limitation, as a “radio resource free
request message.”

In some embodiments, including but not limited to
embodiments in which the PSCCH is used for a mute
indication, an existing/legacy sidelink control information
(SCI) or other SCI format may be used for one or more of
the following: to indicate a mute operation, to indicate
information related to the mute operation, to indicate
resources for the mute operation, to reserve sidelink
resources and/or other. In some cases, reuse of legacy SCI
formats (including but not limited to SCI Format 1A in a
3GPP LTE standard) may simplify integration of such sig-
naling in legacy LTE-V2V sidelink frameworks. Alterna-
tively, other SCI formats and/or modification of legacy SCI
formats may be used.

In some embodiments, including but not limited to
embodiments in which the PSCCH is used for a mute
indication, the SCI signaling in the PSCCH may include
priority information. For instance, transmissions with lower
priority are to mute transmission on indicated resources and
are to exclude those resources from candidate resources for
selection. In some embodiments, the SCI signaling may
include frequency resource location information. For
instance, a set of frequency sub-channels, sub-bands or
physical resource blocks (PRBs) may be indicated. In some
cases, to increase reliability and/or to avoid near-far prob-
lems at the sidelink receiver side, an entire set of available
frequency resources (for sidelink communication) may be
indicated as occupied so that FDM type of transmission may
be precluded. In some scenarios, the TTI across all compo-
nent carriers may be considered as reserved.

In some embodiments, the SCI signaling may include
time resource location information. For instance, a set of
subframes or slots or time transmission intervals (TTIs)
periodically occurring in time may be included. In some
embodiments, the SCI signaling may include a resource
reservation period, for instance a period of muted/reserved
resource occasions. In some embodiments, the SCI signaling
may include a mute/reservation interval. For instance, a
timer configuration to indicate for how long a command is
supposed to be valid may be included. In some embodi-
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ments, the SCI signaling may include a sidelink resource
pool ID. For instance, the SCI signaling may indicate which
sidelink pool should not be used for transmission, and this
may rely on dynamic activation/deactivation of pre-config-
ured sidelink resource pools available for transmission, in
some cases. In some embodiments, the SCI signaling may
include a resource allocation mode indication. In a non-
limiting example, the SCI signaling may indicate whether a
mute command is applicable to Mode-3 (eNB 104/gNB 105
controlled UEs 102) or to Mode-4 (UEs 102 using autono-
mous resource selection) or to both modes of operation.

In some embodiments, the SCI signaling may include
location information. For instance, the location information
may include absolute or relative coordinate of UE 102, a
zone 1D, a radius in which UEs 102 are supposed to mute
transmission and/or other information. In some embodi-
ments, the SCI signaling may include a sidelink carrier 1D.
For instance, the SCI signaling may indicate a sidelink
carrier or carrier set in which resources are supposed to be
muted. In some embodiments, the SCI signaling may
include a hop counter for resource reservation/mute request.
For instance, in cases in which signaling is relayed, the UE
102 may increment a relay hop counter.

In some embodiments, for mode-3 (gNB 105 controlled)
operation, a mode-3 UE 102 may request the gNB 105 to
indicate resource reservation/mute through Uu air-interface.
In addition, a mode-3 UE 102 may signal such indication
over PSCCH. In some embodiments, for mode-4 (UE 102
autonomous) operation, a mode-4 UE 102 may signal
resource reservation and mute directly in PSCCH using SCI
signaling. The UE 102 may avoid reservation of resources
that are already occupied by other UEs 102.

In some embodiments, for mode-3 (gNB 105 controlled)
operation, a mode-3 UE 102 that detects sidelink request for
mute/reservation of resource(s) on sidelink may report infor-
mation about such resources to eNB 104/gNB 105 to prevent
scheduling on such resources. The mode-3 UE 102 that
detects sidelink request for mute/reservation of resource on
sidelink may relay this information if predefined conditions
for relaying are met.

In some embodiments, for mode-4 (LE 102 autonomous)
operation, a mode-4 UE 102 that detects sidelink request for
mute/reservation of resource on sidelink may relay this
information, if predefined conditions for relaying are met
(for instance, if a hop counter is below threshold or RSRP
value is below threshold). The mode-4 UE 102 that detects
sidelink request for mute/reservation of resource on sidelink
may exclude those resources from the set of candidate
resources for selection.

In some embodiments, a PSSCH indication may include
a sidelink V2X MAC CONTROL CE. In some embodi-
ments, a broadcast mode may be used, although the scope of
embodiments is not limited in this respect. The MAC control
CE may include one or more of the following: a command
type, such as mute, mute release and/or other; priority
information, for instance the transmissions with lower pri-
ority are to mute transmission on indicated resources and are
to exclude those from candidates resources for selection;
frequency resource location information, such as a set of
frequency sub-channels, sub-bands, PRBs and/or other; a list
of IDs (such as destination-layer2-ids and/or other); time
resource location information, such as a set of subframes or
slots periodically occurring in time; a resource reservation
interval/period, such as a period of muted resource occa-
sions; a mute/reservation interval, for instance a timer con-
figuration to indicate for how long a command is to be valid
(otherwise, the eNB 104/gNB 105 may periodically signal
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this command, in some embodiments); a sidelink resource
pool ID, such as which sidelink pool should not be used for
transmission (in some cases, this may rely on dynamic
activation/deactivation of pre-configured sidelink resource
pools available for transmission); location information, such
as an ID of a geographical area/zone (including but not
limited to a zone ID of a 3GPP standard) for which the
command was issued; a resource allocation mode indication,
for instance whether a mute command is applicable to
Mode-3 (eNB 104/gNB 105 controlled UEs 102) or to
Mode-4 (UEs 102 that use autonomous resource selection)
or both modes of operation; a sidelink carrier 1D, for
instance an indication of sidelink carrier or carrier set where
resources are to be muted; a hop counter for resource
reservation/mute request; and/or other information.

In some embodiments, for mode-3 (eNB controlled)
operation, a mode-3 UE 102 may request gNB 105 to
indicate resource reservation/mute through Uu air-interface
using the MAC CE MUTE COMMAND. In some embodi-
ments, for mode-4 (UE autonomous) operation, a mode-4
UE 102 may signal resource reservation and mute in PSSCH
using MAC CE MUTE COMMAND. The UE 102 may
avoid reservation of resources that are already occupied by
other UEs 102.

In some embodiments, for mode-3 (eNB controlled)
operation, a mode-3 UE 102 that detects a sidelink request
for mute/reservation of resource on sidelink may report
information about such resources to eNB 104/gNB 105 to
prevent scheduling on such resources. In some embodi-
ments, for mode-3 (eNB controlled) operation, a mode-3 UE
102 that detects a sidelink request for mute/reservation of
resource on sidelink may relay this information if predefined
conditions for relaying are met.

In some embodiments, for mode-4 (UE autonomous)
operation, a mode-4 UE 102 that detects a sidelink request
for mute-reservation of resource on sidelink may relay this
information if predefined conditions for relaying are met. In
some embodiments, for mode-4 (UE autonomous) opera-
tion, a mode-4 UE 102 that detects a sidelink request for
mute/reservation of resource on sidelink may exclude the
resources from the set of candidate resources for selection.

In some embodiments, upon receiving a high priority
emergency signal, a UE 102 may relay the signal to other
UEs 102 or eNBs 104/gNBs 105. In some embodiments, the
relay functionality may be handled in the physical layer. For
instance, if the UE 102 decodes a DCI format or a SCI
format with a specific priority and if the number of hops is
less than a pre-configured threshold, the UE 102 may
broadcast the transport block to other devices.

In some embodiments, the relay functionality may be
handled in the MAC layer. For instance, when the MAC
receives a MAC PDU with a specific priority and the number
of hop is less than a threshold, the MAC may request the
physical layer to broadcast this message with the same
priority.

In some embodiments, a number of hops may be indicated
in the emergency message. Each re-transmitting device may
decrement (or increment) a hop counter. When the count
reaches a threshold and/or if a latency budget is expired,
devices may refrain from further retransmission of the
message. In a non-limiting example, the threshold to limit
the number of hops may be pre-configured in the device. In
another non-limiting example, the threshold to limit the
number of hops may be configured by the eNB 104/gNB
105, for instance by usage of a parameter in a message (such
as an SIB. SIB 21 and/or other).
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FIG. 10 illustrates example signaling that may be
exchanged in accordance with some embodiments. FIG.
11A. FIG. 11B, and FIG. 11C illustrate an example of a
medium access control (MAC) control element (CE) that
may be exchanged in accordance with some embodiments.
In references herein, “FIG. 11” may include FIG. 11A. FIG.
11B and FIG. 11C. FIG. 12 illustrates an example of a
system information block (SIB) element that may be
exchanged in accordance with some embodiments. FIG. 13
illustrates example signaling that may be exchanged in
accordance with some embodiments. It should be noted that
the examples shown in FIGS. 10-13 may illustrate some or
all of the concepts and techniques described herein in some
cases, but embodiments are not limited by the examples. For
instance, embodiments are not limited by the name, number,
type, size, ordering, arrangement and/or other aspects of the
operations, messages, elements, signaling. eNBs 104, UEs
102, resources and other elements as shown in FIGS. 10-13.
Although some of the elements shown in the examples of
FIGS. 10-13 may be included in a 3GPP LTE standard, 5G
standard, NR standard and/or other standard, embodiments
are not limited to usage of such elements that are included
in standards.

Referring to FIG. 10, examples of signaling are shown. It
should be noted that vehicles 1011-1014 are shown in FIG.
10, but examples are not limited to vehicles or to devices that
are associated with vehicles. In a non-limiting example, a
UE 102 and/or device may be integrated with a vehicle. In
another non-limiting example, a UE 102 and/or device may
be physically located within the vehicle (such as carried by
a person in the vehicle, sitting in the seat of a vehicle and/or
other). In some embodiments, a UE 102 and/or other device
(which may or may not be associated with a vehicle) may
transmit and/or receive some or all of the signaling shown in
FIG. 10.

As indicated by 1035, the eNB 1004 may transmit net-
work signaling for one or more of the following: to request
that one or more UEs 102 and/or devices mute transmis-
sions; reserve sidelink resources; and/or other. As indicated
by 1020, Uu uplink signaling (PUCCH. PUSCH and/or
other) may be used for one or more of the following: to
request high reliability transmission on a sidelink resource
grid (such as 1040); and/or other. As indicated by 1025, Uu
downlink signaling (PDCCH. PDSCH, PMCH and/or other)
may be used for one or more of the following: to request
muting, to indicate sidelink resource reservation for high
reliability transmission on a sidelink resource grid (such as
1040); and/or other. As indicated by 1030. PCS5 sidelink
signaling (PSCCH, PSSCH and/or other) may be used for
one or more of the following: to request high reliability
transmission on a sidelink resource grid (such as 1040);
and/or other.

The sidelink resource grid 1040 may include one or more
subchannels/subbands/PRBs (1042) and one or more sub-
frames/slots (1044). In some cases, one or more of the
following may occur (which may be a result of signaling
described above, although the scope of embodiments is not
limited in this respect); muting of sidelink transmissions;
exclusion of sidelink resources from candidate set of
resources for selection/reselection; reservation of resources
for dedicated UEs/sidelink transmission with high reliabil-
ity; and/or other.

Referring to FIG. 11, an example MAC CE 1100 is
shown. Some embodiments may not necessarily include all
the parameters shown in FIG. 11. Some embodiments may
include one or more additional parameters not shown in FIG.
11. Embodiments are not limited to the names, ordering
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and/or other aspects of the parameters shown in FIG. 11.
Some or all of the parameters shown in FIG. 11 may be
included in a 3GPP LTE standard, 5G standard, NR standard
and/or other standard, but embodiments are not limited to
usage of parameters that are included in standards. In some
embodiments, one or more alternate parameters (which may
or may not be included in a standard) may be used instead
of one or more of the parameters shown in FIG. 11.

The MAC CE 1100 may include one or more of the
following: a CMD field 1101 (such as a mute command that
may take values such as “start”, “stop”, and/or other), the P
field 1102 (which may indicate whether a priority bitmap is
present), the Z field 1103 (which may indicate whether a
zone bitmap is present), one or more reserved bits 1104, a
priority bitmap 1105 (which may indicate one or more
priorities for which the command is applicable) and a Zone
1D bitmap 1106 (which may indicate one or more Zone IDs
for which the command is applicable). In some embodi-
ments, the MAC CE 1100 may include any number (includ-
ing zero) of other parameters and/or information.

As indicated by 1105, the eNB 104 and/or gNB 105 may
transmit a MAC CE (which may include the mute com-
mand) to the UE 102, in some embodiments. As indicated by
1110, a first UE 102 may transmit a MAC CE (which may
include the mute command) to a second UE 102, in some
embodiments.

Referring to FIG. 12, an example SIB element is shown.
Some embodiments may not necessarily include all the
parameters shown in FIG. 12. Some embodiments may
include one or more additional parameters not shown in FIG.
12. Embodiments are not limited to the names, ordering
and/or other aspects of the parameters shown in FIG. 12.
Some or all of the parameters shown in FIG. 12 may be
included in a 3GPP LTE standard, 5G standard. NR standard
and/or other standard, but embodiments are not limited to
usage of parameters that are included in standards. In some
embodiments, one or more alternate parameters (which may
or may not be included in a standard) may be used instead
of one or more of the parameters shown in FIG. 12.

The SIB element 1200 may include one or more of the
following: a mute priority list 1211, a zone 1D list 1212, a
mute RB subchannel parameter 1213, a mute periodicity
parameter 1214 and any number (including zero) of other
parameters and/or information 1215. In some embodiments,
the SIB element 1200 may include a “Mute config element”
1210, and one or more of the parameters 1211-1215 may be
included in the “Mute config element” 1210. The SIB
element 1200 may also include any number (including zero)
of other parameters and/or information 1220.

In some embodiments, one or more resource allocation
modes for V2V communication may be used. For instance,
mode-3 (eNB controlled) operation and/or mode-4 (UE
autonomous) operation may be used. In eNB controlled
mode (mode-3), the resource for V2V transmission may be
controlled and/or assigned by the gNB 105 based on one or
more factors, including but not limited to vehicle location
information reported by the UE 102. In UE-autonomous
mode (mode-4), the resource(s) for transmission may be
selected autonomously by the UE 102 based on one or more
factors, including but not limited to information determined
by a sensing procedure, information determined by a
resource selection procedure and/or other information. In
some embodiments, resources may be shared between UEs
for mode-3 and mode-4 transmissions. Accordingly, tech-
niques to enable seamless coexistence between two V2V
transmission modes (such as mode-3 and mode-4) may be
used.
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It should be noted that a UE 102 configured to operate in
accordance with mode-3 may be referred to as a “mode-3
UE” for clarity, but such references are not limiting. For
instance, an operation described herein as performed by a
mode-3 UE 102 may be performed by a UE 102 and/or other
device, in some embodiments. In addition, a UE 102 con-
figured to operate in accordance with mode-4 may be
referred to as a “mode-4 UE” for clarity, but such references
are not limiting. For instance, an operation described herein
as performed by a mode-4 UE 102 may be performed by a
UE 102 and/or other device, in some embodiments.

In some embodiments, measurements and/or reporting
mechanisms performed by mode-3 UEs 102 may be reported
to the gNB 105 to assist in resource scheduling decisions.
The measurements and/or reporting mechanisms may pro-
vide information on resource utilization, a set of candidate
resource that may be used for transmission, additional
complementary information (such as a priority of a trans-
mission that occupies a given set of resources) and/or other
information.

In some embodiments, triggering conditions to report
additional information by mode-3 UEs 102 may be used,
including periodic and event-triggered reporting modes and
configuration of the report content. In some embodiments,
signaling of a resource reservation period by Mode 3 UEs
102 transmitting in resources allocated in semi-persistent
manner may be used. In some embodiments, a mechanism to
introduce restriction on gNB 105 resource reservation dura-
tion may be used. This mechanism may be used when the
UE 102 operates in a semi-persistent resource allocation
mode, although the scope of embodiments is not limited in
this respect.

In some embodiments, a UE-autonomous resource allo-
cation mode may be used within and outside of network
coverage scenarios. The eNB controlled mode may be used
within network coverage. In some cases, the gNB 105
controlled mode may be used within network coverage and
UE autonomous mode may be used for UEs 102 that are out
of coverage of the gNB 105. In some cases, both modes may
be supported within network coverage (that is, for UEs 102
within network coverage). In a non-limiting example, at the
network edge, both modes may coexist and may share the
same resource pools. In another non-limiting example, the
network may want to operate certain V2X services in
mode-3 and may offload other services to mode-4. In another
non-limiting example, the network may provide mode-3 for
services with higher priority, and may offload lower priority
services to mode-4.

In some embodiments, for mode-3, the gNB 105 may
utilize vehicle geo-location information to provide UE
resource assignment. In some cases, including but not lim-
ited to cases in which the UEs 102 that perform V2V
transmissions in the resource pool operate in mode-3, the
gNB 105 may orthogonalize UE 102 transmissions based on
location information and/or inter-cell coordination tech-
niques. However, the coexistence in cases in which a mix-
ture of mode-3 UEs 102 and mode-4 UEs 102 share the same
resource pool may become problematic. For instance, the
gNB 105 may not necessarily be aware about actual radio-
environment and resource utilization, in some cases.

In some embodiments, mode-4 UEs 102 may perform
sensing and resource selection operations in an effort to
avoid collisions and/or to select less congested resources
while respecting the priority information indicated by other
UEs 102 in SCI Format 1. The UEs 102 that reselect
resources may perform one or more of the following opera-
tions: perform receive power (radio-distance) measurements
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for some or all candidate resources; select a candidate set of
less congested resources; randomly select resource(s) for
transmission from the candidate set of resources; and/or
other operation(s).

In some cases, including but not limited to mixed mode-3
and mode-4 scenarios, one or more techniques may be used
in an effort to avoid scheduling of mode-3 transmissions on
resources occupied by mode-4 UEs 102. In some cases,
there may not necessarily be exclusive partitioning of
resources among mode-3 UEs 102 and mode-4 UEs 102.

In some cases, including but not limited to shared
resource pool scenarios, additional mode-3 UE 102 report-
ing may be used in an attempt to ensure proper operation, to
respect mode-4 transmissions and/or other purpose.

In some embodiments, in order to assist the gNB 105 in
scheduling of mode-3 transmissions and/or other purpose,
the mode-3 UEs 102 may collect and/or report information
about radio-environment and resources. For instance, a
mode-3 UE 102 may report one or more measurements
(such as an S-RSSI power measurement and/or other) per
configured set of resources for a time interval (such as a
resource selection window and/or other).

In some embodiments, the mode-3 UE 102 may report the
set of candidate resources for selection (for instance,
resources with received power below certain S-RSSI or
PSCCH/PSSCH-RSRP threshold). In some embodiments,
the mode-3 UE 102 may use one or more techniques and/or
operations of a mode-4 sensing and/or resource selection
procedure, although the scope of embodiments is not limited
in this respect.

In some embodiments, some information may be config-
ured by the gNB 105. Examples of such information include,
but are not limited to, a size of a candidate resource set,
resource configuration (such as a number of PRBs, a number
of sub-bands, a size of frequency resources, a number of
sub-frames, a number of TTIs, a size of time resources
and/or other information that may be used for transmission,
resource selection window and/or other purpose) and/or
other information.

In some embodiments, the UE 102 may report informa-
tion about some resources, such as resources in which the
UE 102 detects a high priority transmission. In this case, the
UE 102 may be configured to report resources (for instance,
a set of frequency resources within a time window) to
provide information about priority of transmission on allo-
cated resources. In some embodiments, the UE 102 may be
configured to monitor and report certain priority levels under
predefined reporting conditions (such as a level of priority
and corresponding received power contribution for a given
priority level and/or other) In addition, the UE 102 may be
configured to report if a resource is reserved with certain set
of resource reservation periods (for instance, 100 msec, 200
msec and/or other) and to refrain from reporting for trans-
missions with higher resource reservation periods.

In some embodiments, the UE 102 may report a resource
selection mode (such as mode-3 or mode-4) of a transmis-
sion detected by the UE 102. In some cases, signaling of the
resource selection mode (mode-3 or mode-4) may be used
by the gNB 105 for resource selection. In some embodi-
ments, the UE 102 may report a V2X service type indicated
by other UEs 102 occupying certain resources. If the UE 102
detects that a significant portion of received power is trans-
mitted by a UE 102 not controlled by the network, the
network (gNB 105 or other component) may refrain from
usage and/or assignment of this resource. In some embodi-
ments, the gNB 105 may optimize resource allocation and
reuse resources which are signaled as occupied resources. To
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enable this operation, an additional field (mode-3/mode-4
indicator) may be included in an element (such as an SCI,
MAC CE, information element, RRC signaling and/or other)
to signal whether the occupied resource were selected with
gNB 105 assistance.

In some embodiments, UE 102 reporting may be UE
specifically configured as periodic (for instance, sent to the
gNB 105 every “Treport” msec, such as Treport=1000 msec
and/or other value). Embodiments are not limited to the
“Treport” parameter, as any parameter related to periodicity
may be used. In some embodiments, the UE 102 reporting
may be event-triggered based on one or more of the follow-
ing events: resource reselection was triggered by eNB; a
time from a previous report has expired; a time for a new
resource (re)-selection has come; a measured CBR level is
below or above a threshold; a transmission priority above a
preconfigured set of values is detected; one or more trans-
mission parameters have been changed (such as a required
resource reservation interval, an amount of required
resources and/or other parameter); and/or other event.

In some embodiments, in mode-3, sidelink transmissions
may be dynamically or semi-statically scheduled by the gNB
105. In a non-limiting example, SPS activation/deactivation
commands in DCI Format SA may be used. In case of
dynamic scheduling, the coexistence between mode-3 and
mode-4 transmissions may be more problematic since
mode-3 transmission assignments may look like random
resource selections from the perspective of the UE 102 that
performs sensing and resource selection. Therefore, a
mode-4 UE 102 may not necessarily take into account
mode-3 transmissions scheduled dynamically in its own
resource selection. On the other hand, when mode-3 utilizes
SPS scheduling mechanism, the information about transmis-
sion period may be signaled by mode-3 UE 102 in SCI
format 1, according to configured value of SPS transmission
period. If the transmission period is indicated as a resource
reservation interval in SCI-Format 1, the mode-4 UEs 102
may take it into account in sensing and resource selection
procedures (including but not limited to procedures of a
3GPP standard and/or other standard). However, this impact
on mode-4 UEs 102 may be significant, for instance if
scheduling decisions by the gNB 105 do not respect mode-4
UE 102 resource selection decisions.

In some embodiments, a mode-4 UE 102 may reselect
resources after transmission of a certain number of transport
blocks (TBs). In some embodiments, the mode-4 UE 102
may then reselect resource upon a TB counter expiration
condition. In case of a gNB 105 scheduled mode, a mode-3
UE 102 may keep resources for a relatively long time. In
some cases, this may lead to certain performance loss as the
mode-4 UEs 102 may be limited in terms of resource
selection.

In some embodiments, mode-3 UEs 102 may reselect
resources after certain amount of time (for instance, the gNB
105 may periodically re-assign resources for V2V commu-
nication). The corresponding triggers to reassign resources
for mode-3 transmissions may be defined in case of gNB 105
controlled operation. In some embodiments, a counter based
trigger may be applicable for mode-3 operation in resource
pool shared with mode-4 UEs 102. Alternatively, this
mechanism may be used to provide preferential access to
resources and radio-propagation conditions for mode-3 UEs
102.

In some embodiments, the gNB 105 may configure UE
102 mode-3/mode-4 switching conditions, so that the UE
102 may switch from mode-4 to mode-3 and vice versa. In
a non-limiting example, UE specific or cell specific RRC or
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SIB signaling may be used to provide this information to
UEs 102. The potential conditions may include, but are not
limited to: a V2X service type or QoS requirement, a V2X
service/transmission priority (such as PPPP); Uu link RSRP
conditions (such as an RSRP wvalue); required resource
reservation period below or above a predefined value; a
measured CBR value above or below a threshold; the UE
102 is within certain geo-graphical area; a trigger of cell
reselection; a handover procedure; and/or other.

In some embodiments, a method of sharing resources by
mode-3 and mode-4 sidelink V2V communication may
comprise or may be based on one or more of: sidelink
measurement performed by mode-3 or mode-4 UEs 102 to
assist gNB 105 scheduling decisions; signaling of V2X
service type and mode-3/mode-4 indicator; reporting
mechanism to signal UE 102 sidelink measurements to gNB
105; signaling to configure conditions to perform measure-
ment or reporting by UEs 102; conditions for UE mode-3/
mode-4 switching and corresponding signaling; conditions
for UE 102 mode-3 resource reselection.

In some embodiments, measurements performed by UEs
102 to assist gNB 105 scheduling decisions may comprise
one or more of: sensing measurements, such as S-RSSI and
PSCCH/PSSCH-RSRP measurements to characterize qual-
ity of sidelink V2V resources over certain time interval
(such as a sensing window or resource selection window);
resource selection measurements, such as estimation of
candidate subset of resources for selection, based on con-
figured resource definition (for instance, a number of PRBs)
and determined according to sensing and resource selection
procedure (for instance, based on minimum average
received power criteria); occupied resource measurements,
such as estimation of a set of resources occupied by trans-
missions with indicated priority level from the preconfigured
set of priorities (or resources with received power above a
certain threshold, for instance congested resources);
resources occupied by mode-3 or mode-4 transmissions or
by given V2X service, for instance utilizing resource reser-
vation period from the predefined set of values; and/or other.

In some embodiments, signaling of V2X service type and
mode-3/mode-4 indicator may be included into the SCI
format signaling (.1 signaling), MAC or RRC signaling to
indicate which V2X service is delivered or whether trans-
mission is controlled by gNB 105 or UE-autonomous. In
some embodiments, a reporting mechanism to signal UE
measurements to eNB may comprise one or more of: RRC
or MAC signaling to provide UE sidelink measurement
report (sensing and resource selection report) to gNB 105,
gNB 105 configuration signaling to configure measurements
requested by gNB 105 or sidelink measurement report
triggering conditions, periodic or event-triggered reporting,
in which the UE reporting may be UE specifically config-
ured as periodic or event-triggered based on certain set of
conditions. In some embodiments, signaling to configure
conditions to perform measurement or reporting by UEs 102
may comprise RRC or SIB21 signaling to configure mea-
surements reports or conditions to perform measurements.

In some embodiments, conditions for UE mode-3/mode-4
switching and corresponding signaling may include one or
more of condition on V2X service type or QoS requirement
to be served by mode-3/4; condition on V2X service/
transmission priority (e.g. PPPP) to be served by mode-3/4;
Uu link RSRP conditions (for instance, an RSRP value);
required resource reservation period below or above pre-
defined value to be served by mode-3/4; measured CBR
value above or below certain threshold to be served by
mode-3/4; UE 102 is within certain geo-graphical area to be
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served by mode-3/4; trigger of cell reselection, handover
procedure; and/or other. In some embodiments, conditions
for UE mode-3 resource reselection may comprise a counter
based trigger for mode-3 operation in resource pool shared
with mode-4 UEs 102, restriction on amount of TBs trans-
mitted under selected resource; and/or other.

Referring to FIG. 13, examples of signaling are shown. It
should be noted that vehicles are shown for UEs 1320, 1321,
1322, 1330, and 1331 are shown in FIG. 13, but examples
are not limited to vehicles or to devices that are associated
with vehicles. In a non-limiting example, a UE 102 and/or
device may be integrated with a vehicle. In another non-
limiting example, a UE 102 and/or device may be physically
located within the vehicle (such as carried by a person in the
vehicle, sitting in the seat of a vehicle and/or other). In some
embodiments, a UE 102 and/or other device (which may or
may not be associated with a vehicle) may transmit and/or
receive some or all of the signaling shown in FIG. 13.

As shown in FIG. 13, the network coverage area 1307 for
eNB 1305 may support communication with UEs 1320-
1322. Accordingly, the UEs 1320-1322 may perform side-
link communication in accordance with mode-3 operation,
in some embodiments. The UEs 1330, 1331 may operate
outside of the network coverage area 1307. Accordingly, the
UEs 1330, 1331 may perform sidelink communication in
accordance with mode-4 operation, in some embodiments.

The resource grid 1310 includes resources R1-R6, but
embodiments are not limited to this number of resources, to
the number of resources in the time dimension of grid 1310
or to the number of resources in the frequency dimension of
grid 1310. The eNB 1305 may transmit DCI 1330 to the UE
1320 (UEO0) that indicates that the UE 1320 (UE0) is to use
R3. The eNB 1305 may transmit additional DCIs (such as
DCI 1331 to UE 1321 (UE1), DCI 1332 to the UE 1322
(UE2) and/or other DCI(s)) that may indicate resources to be
used by those UEs.

In the example shown in FIG. 13, the UE 1331 (UE4) may
transmit on R1, and this may be detected by the UE 1321
(UE1) and by the UE 1322 (UE2). In addition, the UE 1330
(UE3) may transmit on R5, and this may be detected by the
UE 1322 (UE2). The UE 1321 (UE1) may transmit infor-
mation (such as 1351) to the eNB 1305. Such information
may include an indication that the UE 1321 (UE1) has
detected transmission in R1 and/or other information. The
UE 1322 (UE2) may transmit information (such as 1352) to
the eNB 1305. Such information may include an indication
that the UE 1322 (UE2) has detected transmission in R1 and
R5 and/or other information.

Candidate resource sets (such as CRS 1341 for UE 1321
and CRS 1342 for UE 1322) may be modified based at least
partly on detected transmissions and/or messages from the
eNB 1305.

In Example 1, an apparatus of a Generation Node-B
(gNB) may comprise memory. The apparatus may further
comprise processing circuitry. The processing circuitry may
be configured to allocate a resource pool of physical
resource blocks (PRBs) and sub-frames for vehicle-to-ve-
hicle (V2V) sidelink transmissions. The processing circuitry
may be further configured to decode, from a User Equipment
(UE), an uplink control message that indicates that the UE
requests a V2V sidelink transmission of a prioritized mes-
sage. The processing circuitry may be further configured to
select, for the V2V sidelink transmission of the prioritized
message, one or more PRBs of the resource pool and one or
more sub-frames of the resource pool. The processing cir-
cuitry may be further configured to encode, for transmission
to the UE and to other UEs, a downlink control message that
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indicates: the selected PRBs, the selected sub-frames, and
that the other UEs are to mule sidelink transmissions in the
selected PRBs in the selected sub-frames to enable the V2V
sidelink transmission of the prioritized message. The
memory may be configured to store information identifying
the selected PRBs and the selected sub-frames.

In Example 2, the subject matter of Example 1, wherein
the downlink control message is a first downlink control
message. The processing circuitry may be further configured
to encode, for transmission, a first downlink control message
that indicates the PRBs of the resource pool and the sub-
frames of the resource pool.

In Example 3, the subject matter of one or any combina-
tion of Examples 1-2, wherein the downlink control message
may further indicate a time duration for which the other UEs
are to mute the sidelink transmissions in the selected PRBs
in the selected sub-frames.

In Example 4, the subject matter of one or any combina-
tion of Examples 1-3, wherein the downlink control message
may be a medium access control (MAC) control element
(CE) included in a physical downlink shared channel
(PDSCH).

In Example 5, the subject matter of one or any combina-
tion of Examples 1-4, wherein the downlink control message
may be a physical downlink control channel (PDCCH). The
PDCCH may include a downlink control information (DCI)
that includes the selected PRBs and the selected sub-frames.

In Example 6, the subject matter of one or any combina-
tion of Examples 1-5, wherein the downlink control message
may be a broadcast system information block (SIB).

In Example 7, the subject matter of one or any combina-
tion of Examples 1-6, wherein: the uplink control message
may be included in a physical uplink shared channel
(PUSCH), or the uplink control message may be a physical
uplink control channel (PUCCH).

In Example 8, the subject matter of one or any combina-
tion of Examples 1-7, wherein the uplink control message
may indicate one or more of: a transmission period for the
V2V sidelink transmission of the prioritized message, a
number of PRBs for the V2V sidelink transmission of the
prioritized message, and a buffer status report. The process-
ing circuitry may be further configured to select the PRBs
and the sub-frames for the V2V sidelink transmission of the
prioritized message based at least partly on the uplink
control message.

In Example 9, the subject matter of one or any combina-
tion of Examples 1-8, wherein the gNB may be arranged to
operate in accordance with a Third Generation Partnership
Project (3GPP) protocol. The gNB may be configured for
mode-3 operation, wherein the gNB is to select the PRBs
and the sub-frames of the resource pool for the V2V sidelink
transmissions.

In Example 10, the subject matter of one or any combi-
nation of Examples 1-9, wherein the gNB may be arranged
to operate in accordance with a Third Generation Partner-
ship Project (3GPP) protocol. The uplink control message
may be received over an uplink Uu interface. The downlink
control message may be transmitted over a downlink Uu
interface.

In Example 11, the subject matter of one or any combi-
nation of Examples 1-10, wherein the downlink control
message is a first downlink control message, and the uplink
control message is a first uplink control message. The
processing circuitry may be further configured to encode, for
transmission, a second downlink control message that
instructs the UE to sense a sidelink channel in accordance
with one or more channel sense parameters. The processing
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circuitry may be further configured to decode, from the UE,
a second uplink control message that indicates one or more
results of the sense operation in accordance with the channel
sense parameters.

In Example 12, the subject matter of one or any combi-
nation of Examples 1-11, wherein the downlink control
message is a first downlink control message. The processing
circuitry may be further configured to encode, for transmis-
sion, a second downlink control message that instructs the
UE to perform radio-laver measurements within sidelink
resource pools to determine candidate resources available
for sidelink transmission.

In Example 13, the subject matter of one or any combi-
nation of Examples 1-12, wherein the second downlink
control message is a radio resource control (RRC) message.
The RRC message may include one or more triggering
conditions for measurement and reporting of results by the
UE.

In Example 14, the subject matter of one or any combi-
nation of Examples 1-13, wherein the triggering conditions
are based on one or more of: a received power threshold or
a reference signal received power (RSRP) threshold for
detected sidelink transmissions, and a priority threshold for
detected sidelink transmissions.

In Example 15, the subject matter of one or any combi-
nation of Examples 1-14, wherein the RRC message may
indicate that the UE is to use a reporting format that
indicates, from the sidelink resource pools; recommended
resources for allocation for sidelink transmissions, or
resources to refrain from allocation for the sidelink trans-
missions.

In Example 16, the subject matter of one or any combi-
nation of Examples 1-15, wherein the apparatus may further
include a transceiver to receive the uplink control message
and to transmit the downlink control message.

In Example 17, the subject matter of one or any combi-
nation of Examples 1-16, wherein the processing circuitry
may include a baseband processor to select the PRBs and the
sub-frames for the V2V sidelink transmission of the priori-
tized message.

In Example 18, a computer-readable storage medium may
store instructions for execution by one or more processors to
perform operations for communication by a Generation
Node-B (gNB). The operations may configure the one or
more processors to allocate a resource pool of physical
resource blocks (PRBs) and sub-frames for; mode-3 vehicle-
to-vehicle (V2V) sidelink transmissions in accordance with
resource selection by the gNB, and mode-4 V2V sidelink
transmissions in accordance with autonomous resource
selection by User Equipments (UEs). The operations may
further configure the one or more processors to encode, for
transmission to a first UE, a downlink control message that
indicates one or more parameters for a channel sense mea-
surement for the resource pool. The operations may further
configure the one or more processors to decode, from the
first UE, an uplink control message that indicates the chan-
nel sense measurement. The operations may further config-
ure the one or more processors to select, based at least partly
on the channel sense measurement, one or more resources of
the resource pool for a mode-3 V2V sidelink transmission by
a second UE.

In Example 19, the subject matter of Example 18, wherein
the channel sense measurement may be a sidelink received
signal strength indicator (S-RSSI).



US 11,877,314 B2

37

In Example 20, the subject matter of one or any combi-
nation of Examples 18-19, wherein the parameters for the
channel sense measurement may include a number of PRBs
a number of sub-frames.

In Example 21, the subject matter of one or any combi-
nation of Examples 18-20, wherein the downlink control
message is a first downlink control message. The operations
may further configure the one or more processors to encode,
for transmission to the second UE, a second downlink
control message that indicates the selected resources for the
mode-3 V2V sidelink transmission by a second UE.

In Example 22, the subject matter of one or any combi-
nation of Examples 18-21, wherein the resources selected
for the mode-3 V2V sidelink transmission by the second UE
are second resources. The channel sense measurement may
be related to first resources of the resource pool. The
operations may further configure the one or more processors
to determine, based at least partly on the channel sense
measurement, whether the first resources are unavailable for
mode-3 V2V sidelink transmissions. The operations may
further configure the one or more processors to, if it is
determined that the first resources are unavailable for
mode-3 V2V sidelink transmissions, select the second
resources from candidate resources that exclude the first
resources.

In Example 23, an apparatus of a User Equipment (UE)
may comprise memory. The apparatus may further comprise
processing circuitry. The processing circuitry may be con-
figured to determine that a prioritized message is to be
transmitted to another UE over a vehicle-to-vehicle (V2V)
sidelink. The processing circuitry may be further configured
to select one or more physical resource blocks (PRBs) and
one or more sub-frames to be used for transmission of the
prioritized message over the V2V sidelink. The PRBs and
sub-frames may be included in a resource pool of candidate
PRBs and candidate sub-frames. The processing circuitry
may be further configured to encode, for transmission to
other UEs, a sidelink control message that indicates: the
selected PRBs, the selected sub-frames, and a mute com-
mand that indicates that the other UEs are to mute sidelink
transmissions in the selected PRBs in the selected sub-
frames. The processing circuitry may be further configured
to encode the prioritized message for transmission in the
selected PRBs in the selected sub-frames. The memory may
be configured to store at least a portion of the prioritized
message.

In Example 24, the subject matter of Example 23, wherein
the processing circuitry may be further configured to deter-
mine that the prioritized message is to be transmitted over
the V2V sidelink based at least partly on an indicator
generated by an application layer of the UE.

In Example 25, the subject matter of one or any combi-
nation of Examples 23-24, wherein the sidelink control
message may be included in a physical sidelink shared
channel (PSSCH), or the sidelink control message may be a
physical sidelink control channel (PSCCH) that includes a
sidelink control information (SCI) that includes the selected
PRBs and the selected sub-frames.

In Example 26, the subject matter of one or any combi-
nation of Examples 23-25, wherein the UE may be arranged
to operate in accordance with a Third Generation Partner-
ship Project (3GPP) protocol. The UE may be configured for
mode-4 operation, wherein the UE is to select the PRBs and
the sub-frames for V2V sidelink transmissions.

In Example 27, the subject matter of one or any combi-
nation of Examples 23-26, wherein the other UE is a first
UE, and the prioritized message is received from a second
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UE. The processing circuitry may be further configured to
encode the prioritized message for relay to the first UE in the
selected PRBs in the selected sub-frames.

In Example 28, an apparatus of a Generation Node-B
(gNB) may comprise means for allocating a resource pool of
physical resource blocks (PRBs) and sub-frames for:
mode-3 vehicle-to-vehicle (V2V) sidelink transmissions in
accordance with resource selection by the gNB, and mode-4
V2V sidelink transmissions in accordance with autonomous
resource selection by User Equipments (UEs). The appara-
tus may further comprise means for encoding, for transmis-
sion to a first UE, a downlink control message that indicates
one or more parameters for a channel sense measurement for
the resource pool. The apparatus may further comprise
means for decoding, from the first UE, an uplink control
message that indicates the channel sense measurement. The
apparatus may further comprise means for selecting, based
at least partly on the channel sense measurement, one or
more resources of the resource pool for a mode-3 V2V
sidelink transmission by a second UE.

In Example 29, the subject matter of Example 28, wherein
the channel sense measurement may be a sidelink received
signal strength indicator (S-RSSI).

In Example 30, the subject matter of one or any combi-
nation of Examples 28-29, wherein the parameters for the
channel sense measurement may include a number of PRBs
a number of sub-frames.

In Example 31, the subject matter of one or any combi-
nation of Examples 28-30, wherein the downlink control
message is a first downlink control message. The apparatus
may further comprise means for encoding, for transmission
to the second UE, a second downlink control message that
indicates the selected resources for the mode-3 V2V sidelink
transmission by a second UE.

In Example 32, the subject matter of one or any combi-
nation of Examples 28-31, wherein the resources selected
for the mode-3 V2V sidelink transmission by the second UE
are second resources. The channel sense measurement may
be related to first resources of the resource pool. The
apparatus may further comprise means for determining,
based at least partly on the channel sense measurement,
whether the first resources are unavailable for mode-3 V2V
sidelink transmissions. The apparatus may further comprise
means for, if it is determined that the first resources are
unavailable for mode-3 V2V sidelink transmissions, select-
ing the second resources from candidate resources that
exclude the first resources.

The Abstract is provided to comply with 37 C.EFR.
Section 1.72(b) requiring an abstract that will allow the
reader to ascertain the nature and gist of the technical
disclosure. It is submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the
claims. The following claims are hereby incorporated into
the detailed description, with each claim standing on its own
as a separate embodiment.

What is claimed is:
1. A method, comprising:
a base station,
allocating a resource pool of physical resource blocks
(PRBs) and sub-frames for sidelink transmissions;
decoding, from a user equipment (UE), an uplink
control message that indicates that the UE requests a
sidelink transmission of a prioritized message in a
transmission period;
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selecting, for the sidelink transmission of the priori-
tized message, one or more PRBs of the resource
pool and one or more sub-frames of the resource
pool; and
encoding, for transmission to the UE and to at least one
other target UE in a cell area, a downlink control
message that indicates selected PRBs, selected sub-
frames, and a mute operation for the transmission
period for the at least one other target UE to enable
the sidelink transmission of the prioritized message.
2. The method of claim 1,
wherein the mute operation is for a finite duration.
3. The method of claim 1,
wherein the mute operation indicates that the at least one
other target UE is to mute sidelink transmissions in the
selected PRBs in the selected sub-frames.
4. The method of claim 1,
wherein the downlink control message is a first downlink
control message, and wherein the method further com-
prises the base station:
encoding, for transmission, a second downlink control
message that indicates the PRBs of the resource pool
and the sub-frames of the resource pool.
5. The method of claim 1,
wherein the downlink control message is a medium access
control (MAC) control element (CE) included in a
physical downlink shared channel (PDSCH).
6. The method of claim 1,
wherein the downlink control message is a physical
downlink control channel (PDCCH), and
wherein the PDCCH includes a downlink control infor-
mation (DCI) that includes the selected PRBs and the
selected sub-frames.
7. The method of claim 1,
wherein the downlink control message is a broadcast
system information block (SIB).
8. The method of claim 1,
wherein the uplink control message is included in a
physical uplink shared channel (PUSCH), or
wherein the uplink control message is a physical uplink
control channel (PUCCH).
9. The method of claim 1,
wherein the uplink control message indicates one or more
of: a transmission period for the sidelink transmission
of the prioritized message, a number of PRBs for the
sidelink transmission of the prioritized message, and a
buffer status report, and
wherein the method further comprises the base station
selecting the PRBs and the sub-frames for the sidelink
transmission of the prioritized message based at least
partly on the uplink control message.
10. The method of claim 1,
wherein the base station is arranged to operate in accor-
dance with a Third Generation Partnership Project
(3GPP) protocol, and
wherein the base station is configured for mode-3 opera-
tion, wherein the base station is to select the PRBs and
the sub-frames of the resource pool for the sidelink
transmissions.
11. The method of claim 1,
wherein the base station is arranged to operate in accor-
dance with a Third Generation Partnership Project
(3GPP) protocol,
wherein the uplink control message is received over an
uplink Uu interface, and
wherein the downlink control message is transmitted over
a downlink Uu interface.
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12. A base station, comprising:

a memory; and

at least one processor in communication with the memory
and configured to cause the base station to:

allocate a resource pool of physical resource blocks
(PRBs) and sub-frames for sidelink transmissions;

decode, from a user equipment (UE), an uplink control
message that indicates that the UE requests a sidelink
transmission of a prioritized message in a transmis-
sion period;

select, for the sidelink transmission of the prioritized
message, one or more PRBs of the resource pool and
one or more sub-frames of the resource pool; and

encode, for transmission to the UE and to at least one
other target UE in a cell area, a downlink control
message that indicates selected PRBs, selected sub-
frames, and a mute operation for the transmission
period indicating that the at least one other target UE
is to mute sidelink transmissions in the selected
PRBs in the selected sub-frames to enable the side-
link transmission of the prioritized message.

13. The base station of claim 12,

wherein the mute operation is for a finite duration.

14. The base station of claim 12,

wherein the downlink control message is a first downlink
control message,

wherein the uplink control message is a first uplink
control message, and

wherein the at least one processor is further configured to
cause the base station to:

encode, for transmission, a second downlink control
message that instructs the UE to sense a sidelink
channel in accordance with one or more channel
sense parameters; and

decode, from the UE, a second uplink control message
that indicates one or more results of a sense opera-
tion in accordance with the channel sense param-
eters.

15. The base station of claim 12,

wherein the downlink control message is a first downlink
control message, and

wherein the at least one processor is further configured to
cause the base station to:

encode, for transmission, a second downlink control
message that instructs the UE to perform radio-layer
measurements within sidelink resource pools to
determine candidate resources available for sidelink
transmission.

16. The base station of claim 15,

wherein the second downlink control message is a radio
resource control (RRC) message, and

wherein the RRC message includes one or more trigger-
ing conditions for measurement and reporting of results
by the UE.

17. The base station of claim 16,

wherein the triggering conditions are based on one or
more of:

a received power threshold or a reference signal
received power (RSRP) threshold for detected side-
link transmissions, or

a priority threshold for detected sidelink transmissions.

18. The base station of claim 16,
wherein the RRC message indicates that the UE is to use

a reporting format that indicates, from the sidelink

resource pools:

recommended resources for allocation for sidelink
transmissions, or
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resources to refrain from allocation for the sidelink
transmissions.
19. An apparatus comprising:
a memory; and
at least one processor in communication with the memory 5
and configured to cause a user equipment (UE) to:
determine that a prioritized message is to be transmitted
to another UE over sidelink in a transmission period;
select one or more physical resource blocks (PRBs) and
one or more sub-frames to be used for transmission 10
of the prioritized message over the sidelink, wherein
the PRBs and sub-frames are included in a resource
pool of candidate PRBs and candidate sub-frames;
encode, for transmission to at least one other target UE
in a cell area, a sidelink control message that indi- 15
cates selected PRBs, selected sub-frames, and a mute
operation for the transmission period for the at least
one other target UE to enable sidelink transmission
of the prioritized message; and
encode the prioritized message for transmission in the 20
selected PRBs in the selected sub-frames.
20. The apparatus of claim 19,
wherein the at least one processor is further configured to:
determine that the prioritized message is to be trans-
mitted over the sidelink based at least partly on an 25
indicator generated by an application layer of the
UE.



